Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



LAY SERMONS, ADDRESSES* 



AND 



REVIEWS. 



r 



LAY SEEMONS, ADDRESSES, 



AND 



REVIEWS. 



BY 



THOMAS HENKY HUXLEY, LL.D., F.R.S. 



•. • •• ; • ; .• • • • .• • 



• »■ • • 





• • • • 1 / Z 

TBIRD EDITIOS. ' *•' *' * * *** , 


* 

1 

* 

4 


:. : • .. • • 


1 




■ 


'S'OVLt^a^ nnb IRtk ^ork: 


- 


MACMTLLAN AND CO. 




1871. 



[2%e SigM of TrotmtlaJtwti atvi iJeproductiaa i« Tesettetl^X 



THE NKV; YO?>K 

PUBLIC LIB? ^RY 

ASTOH, LENOX M'l- 

TiLDEN FOUN':'- -js.-^^ :: 

p * 



LONDON : 

R. Cl.AY, SONS, ANl> TAYLOR, I'KINTKKS, 

BKKAL' STRKKT HILL. 






• ' • • • 



/ • 



• • • » • ■ • 



• • • 






• • • » 




A PREFATORY LETTER. 



My dear Tyndall, 

I should have liked to provide this collection 
of "Lay Sermons, Addresses, and Keviews/' with a 
Dedication and a Preface. In the former, I should have 
asked you to allow me to associate your name with the 
book, chiefly on the ground that the oldest of the papers 
in it is a good deal younger than our friendship. In 
the latter, I intended to comment upon certain criticisms 
with which some of these Essays have been met. 

But, on turning the matter over in my mind, I began 
to fear that a formal dedication at the beginning of such 
a volume would look like a grand lodge in front of a set 
of cottages ; while a complete defence of any of my old 
papers would simply amount to writing a new one — a 
labour for which I am, at present, by no means fit 

The book must go forth, therefore, without any better 
substitute for either Dedication, or Preface, than this 
letter ; before concluding which it is necessary for me 
to notify you, and any other reader, of two or three 
matters. 

h 
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The first is^ that the oldest Essay of the whole, that 
"On the Educational Value of the Natural History 
Sciences,^ contains a view of the nature of the diJBFerences 
between living and not-living bodies out of which I have 
long since grown. 

Secondly, in the same paper, there is a statement con- 
cerning the method of the mathematical sciences, which, 
repeated and expanded elsewhere, brought upon me, 
during the meeting of the British Association at Exeter, 
the artillery of our eminent friend Professor Sylvester. 

No one knows better than you do, how readily I 
should defer to the opinion of so great a mathematician 
if the question at issue were really, as he seems to think 
it is, a mathematical one. But I submit, that the dictum 
of a mathematical athlete upon a diJ0Bcult problem which 
mathematics offers to philosophy, has no more special 
weight, than the verdict of that great pedestrian Captain 
Barclay would have had, in settling a disputed point in 
the physiology of locomotion. 

The genius which sighs for new worlds to conquer 
beyond that surprising region in which "geometry, 
algebra, and the theory of numbers melt into one another 
like sunset tints, or the colours of a dying dolphin," may 
be of comparatively little service in the cold domain 
(mostly lighted by the moon, some say) of philosophy. 
And the more I think of it, the more does our friend 
seem to me to fall: into the position of one of those 
"vcrstandige Leute," about whom he makes so apt a 
quotation from Goethe.. Surely he has not duly con- 
sidered two points. The first, that I am in no way 
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answerable for the origination of the doctrine he criti- 
cises : and the second, that if we are to employ the 
terms observation, induction, and experiment, in the 
sense in which he uses them, logic is as much an 
observational, inductive, and experimental science as 
mathematics; and that, I confess, appears to me to be 
a reductio ad absurdum of his argument. 

Thirdly, the Essay " On the Physical Basis of Life", was 
intended to contain a plain and untcchnical statement of 
one of the great tendencies of modern biological thought, 
accompanied by a protest, from the philosophical side, 
against what is commonly called Materialism. The 
result of my well-meant efforts I find to be, that I am 
generally credited with having invented " protoplasm '' 
in the interests of "materialism/* My unlucky "Lay 
Sermon" has been attacked by microscopists, ignorant 
alike of Biology and Philosophy ; by philosophers, not 
very learned in either Biology or Microscopy ; by clergy- 
men of several denominations ; and by some few writers 
who have taken the trouble to understand the subject. 
I trust that these last will believe that I leave the Essay 
unaltered from no want of respectful attention to all they 
have said. 

Fourthly, I wish to refer all who are interested in 
the topics discussed in my address on "Geological- Re- 
form,'' to the reply with which Sir William Thomson has 
honoured me. 

And, lastly, let me say that I reprint the review of 
"The Origin of Species" simply because it has been 
cited as mine by a late President of the Geological Society. 
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If you find its phraseology, in some places, to be more 
vigorous than seems needful, recollect that it was written 
in the heat of our first battles over the Novum Organon 
of Biology ; that we were all ten years younger in those 
days ; and last, but not least, that it was not published 
untU it had been submitted to the revision of a friend 
for whose judgment I had then, as I have now, the 
greatest respect. 

Ever, my dear Tyndall, 

Yours very faithfully, 

T. H. HUXLEY. 

LoiDOH, June 1870. 
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ON THE ADVISABLENESS OF IMPROVINa 
NATURAL KNOWLEDGE. 

This time two hundred years ago — in the beginning of 
January, 1666 — ^those of our forefathers who inhabited 
this great and ancient city, took breath between the 
shocks of two fearful calamities: one not quite past, 
although its fury had abated ; the other to come. 

^ Within a few yards of the very spot on which we 
are assembled, so the traditipn runs, that painful 
and deadly malady, the plague, appeared in the latter 
months of 1664 ; and, though no new visitor, smote the 
people of England, and especially of her capital, with 
a violence unbiown before, in the course of the following 
year. The hand of a master has pictured what happened 
in those dismal months ; and in that truest of fictions, 
" The History of the Plague Year," Defoe shows death, 
with every accompaniment of pain and terror, stalking 
through the narrow streets of old London, and changing 
their busy himi into a silence broken only by the 
wailing of the mourners of fifty thousand dead ; by the 
woful denunciations and mad prayers of fanatics ; and 
by the madder yells of despauing profligates. 

But, about this time in 1666, the death-rate had 

sunk to nearly its ordinary amount; a case of plague 

.occurred only here and there, and the richer citizens 

^' B 
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who had flown from the pest had returned to their 
dwellings. The remnant of the people began to toil 
at the accustomed round of duty, or of pleasure ; and 
the stream of city life bid fair to flow back along its 
old bed, with renewed and uninterrupted vigour. 

The newly kindled hope was deceitful The great 
plague, indeed, returned no more; but what it had 
done for the Londoners, the great fire, which broke 
out in the autumn of 1666, did for London ; and, in 
September of that year, a heap of ashes and the inde- 
structible energy of the people were all that remained 
of the glory of five-sixths of the city within the walls. 

Our forefathers had their own ways of accounting 
for each of these calamities. They submitted to the 
plague in humility and in penitence, for they believed 
it to be the judgment of God. But, towards the fire 
they were furiously indignant, interpreting it as the 
eSect of the malice of man, — as the Avork of the 
Republicans, or of the Papists, according as their pre- 
possessions ran in favour of loyalty or of Puritanism. 

It would, I fancy, have fared but ill with one who, 
standing where I now stand, in what was then a thickly 
peopled and fashionable part of London, should have 
broached to our ancestors the doctrine which I now 
propound to you — that all their hypotheses were alike 
wrong ; that the plague was» no more, in their sense, 
Divine judgment, than the fire was the work of any poli- 
tical, or of any religious, sect ; but that they were them- 
selves the authors of both plague and fire, and that they 
must look to themselves to prevent the recurrence of. 
calamities, to all appearance so peculiarly . beyond the 
reach of human control — so evidently the result of the 
wrath of God, or of the craft and subtlety of an ' 
enemy. 



I.J ©n imprnfaing |tatural pnofcoltbge* 3 

And one may picture to oneself how harmoniously 
the holy cursing of the Puritan of that day would have 
chimed in with the unholy cursing and the crackling 
wit of the Eochesters and Sedleys, and with the revilings 
of the political fanatics, if my imaginary plain dealer 
had gone on to say that, if the return of such misfortunes 
were ever rendered impossible, it would not be in virtue 
of the victory of the faith of Laud, or of that of 
Milton ; and, as little, by the triumph of republicanism, 
as by that of monarchy. But that the one thing 
needful for compassing this end was, that the people 
of England should second the efforts of an insig- 
nificant corporation, the establishment of which, a few 
years before the epoch of the great plague and the 
great fire, had been as little noticed, as they were 
conspicuous. 

Some twenty years before the outbreak of the plague 
a few calm and thoughtful students banded themselves 
together for the purpose, as they phrased it, of '* im- 
proving natural knowledge." The ends they proposed 
to attain cannot be stated more clearly than in the 
words of one of the founders of the organization : — 

" Our business was (precluding matters of theology 
and state affairs) to discourse and consider of philo- 
sophical enquiries, and such as related thereunto : — as 
Physick, Anatomy, Geometry, Astronomy, Navigation, 
Staticks, Magneticks, Chymicks, Mechanicks, and 
Natural Experiments ; with the state of these studies 
and their cultivation at home and abroad. We then 
discoursed of the circulation of the blood, the valves 
in the veins, the venae lacteae, the lymphatic vessels, 
the Copemican hypothesis, the nature of comets and 
new stars, the satellites of Jupiter, the oval shape (as 
it then appeared) of Saturn, the spots on the sun and 

b2 
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its turning on its own axis, the inequalities and seleno- 
graphy of the moon, the several phases of Venus and 
Mercury, the improvement of telescopes and grinding 
of glasses for that purpose, the weight of air, the 
possibility or impossibility of vacuities and nature's ab- 
horrence thereof, the Torricellian experiment in quick- 
silver, the descent of heavy bodies and the degree of 
acceleration therein, with divers other things of like 
nature, some of which were then but new discoveries, 
and others not so generally known and embraced as 
now they are ; with other things appertaining to what 
hath been called the New Philosophy, which, from 
the times of Galileo at Florence, and Sir Francis Bacon 
(Lord Verulam) in England, hath been much cultivated 
in Italy, France, Germany, and other parts abroad, as 
well as with us in England." 

The learned Dr. Wallis, writing in 1696, narrates, in 
these words, what happened half a century before, or 
about 1645. The associates met at Oxford, in the 
rooms of Dr. Wilkins, who was destined to become a 
bishop; and subsequently coming together in London, 
they attracted the notice of the king. And it is a 
stranoje evidence of the taste for knowledoje which the 
most obviously worthless of the Stuarts shared with 
his father and grandfather, that Charles the Second 
was not content with saying witty things about his 
philosophers, but did wise things with regard to them. 
For he not only bestowed upon them such attention as 
he could spare from his poodles and his mistresses, but, 
being in his usual state of impecuniosity, begged for 
them of the Duke of Ormond ; and, that step being 
without effect, gave them Chelsea College, a charter, and 
a mace : crowning his favours in the best way they could 
be crowned, by burdening them no further with royal 
patronage or state interference. 
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Thus it was that the half-dozen young men, studious 
of the " New Philosophy," who met in one another's 
lodgings in Oxford or in London, in the middle of the 
seventeenth century, grew in numerical and in real 
strength, until, in its latter part, the " Eoyal Society for 
the Improvement of Natural Knowledge'' had abeady . 
become famous, and had acquired a claim upon the vene- 
ration of Englishmen, which it has ever since retained, \ 
as the principal focus of scientific activity in our islands, 
and the chief champion of the cause it was formed to 
support. 

It was by the aid of the Eoyal Society that Newton 
published his " Principia.'' If all the books in the world, 
except the Philosophical Transa'ctions, were destroyed, it 
is safe to say that the foundations of physical science 
would remain unshaken, and that the vast intellectual 
progress of the last two centuries would be largely, 
though incompletely, recorded. Nor have any signs 
of halting or of decrepitude manifested themselves in 
our own times. As in Dr. Wallis's days, so in these, 
" our business is, precluding theology and state affairs, 
to discourse and consider of philosophical enquiries." 
But our " Mathematick" is one which Newton would 
have to go to school to learn ; our " Staticks, Mecbanicks, 
Magneticks, Chymicks, and Natural Experiments" con- 
stitute a mass of physical and chemical knowledge, 
a glimpse at which would compensate Galileo for 
the doings of a score of inquisitorial cardinals ; our 
"Physick" and "Anatomy" have embraced such in- 
finite varieties of being, have laid open such new 
worlds in time and space, have grappled, not unsuc- 
cessfully, with such complex problems, that the eyes 
of Vesalius and of Harvey might be dazzled by the 
sight of the tree that has grown out of their grain of 
mustard seed. 



The fact is perhaps rather too much, than too little, 
forced upon one's notice, nowadays, that all this mar- 
vellous intellectual growth has a no less wonderful 
expression in practical life ; and that, in this respect, if 
in no other, the movement symbolized by the progress 
of the Royal Society stands without a parallel in the 
history of mankind. 

A series of volumes as bulky as the Transactions of 
the Royal Society might possibly be filled with the 
subtle speculations of the Schoolmen ; not improbably, 
the obtaining a mastery over the products of mediaeval 
thought might necessitate an even greater expenditure of 
time and of energy than the acquirement of the " New 
Philosophy ;" but though such work engrossed the best 
intellects of Europe for a longer time than has elapsed 
since the great fire, its effects were " writ in water/' so 
far as our social state is concerned. 

On the other hand, if the noble first President of the 
Royal Society could revisit the upper air and once more 
gladden his eyes with a sight of the familiar mace, he 
would find himself in the midst of a material civilization 
more different from that of his day, than that of the 
seventeenth, was from that of the first, century. And if 
Lord Brouncker's native sagacity had not deserted his 
ghost, he would need no long reflection to discover that 
all these great ships, these railways, these telegraphs, 
these factories, these printing-presses, without which the 
whole fabric of modem English society would collapse 
into a mass of stagnant and starving pauperism, — that 
all these pillars of our State are but the ripples and the 
bubbles upon the surface of that great spiritual stream, 
the springs of which, only, he and his fellows were 
privileged to see ; and seeing, to recognise as that which 
it behoved them above all things to keep pure and 
undefiled. 
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It may not be too great a flight of imagination to 
conceive our noble revenant not forgetful of the great 
troubles of his own day, and anxious to know how often 
London had been bmned down since his time, and how 
often the plague had carried off" its thousands. He would 
have to learn that, although London contains tenfold the 
inflanmiable matter that it did in 1666 ; though, not 
content with filling our rooms with woodwork and light 
draperies, we must needs lead inflammable and explosive 
i^^ases into every corner of our streets and houses, we 
never allow even a street to bum down. And if he 
asked how this had come about, we should have to 
explain that the improvement of natural knowledge has 
furnished us with dozens of machines for throwing water 
upon fires, any one of which would have furnished the 
ingenious Mr. Hooke, the first "curator and experi- 
menter" of the Royal Society, with ample materials for 
discourse before half a dozen meetings of that body ; 
and that, to say truth, except for the progress of natural 
knowledge, we should not have been able to make even 
the tools by which these machines are constructed. 
And, further, it would be necessary to add, that although 
severe fires sometimes occur and inflict great damage, 
the loss is very generally compensated by societies, the 
operations of which have been rendered possible only 
by the progress of natural knowledge in the direction of 
mathematics, and the accimiulation of wealth in virtue 
of other natiu:al knowledge. 

But the plague? My Lord Brouncker's observation 
would not, I fear, lead him to think that Englishmen of 
the nineteenth century are purer in life, or more fer- 
vent in religious faith, than the generation which could 
produce a Boyle, an Evelyn, and a Milton. He might 
find the mud of society at the bottom, instead of at the 
top, but I fear that the sum total would be as deserving 



of swift judgment as at the time of the Restoration. 
And it would be our duty to explain once more, and 
this time not without shame, that we have no reason 
to believe that it is the improvement of o.ur faith, nor 
that of our morals, which keeps the plague from our 
city ; but, again, that it is the improvement of our 
natural knowledge. 

We have learned that pestilences will only take up 
their abode among those who have prepared imswept 
and imgamished residences for them. Their cities must 
have narrow, unwatered streets, foul with accumulated 
garbage. Their houses must be ill-drained, ill-lighted, 
ill- ventilated. Their subjects must be ill- washed, ill- 
fed, ill-clothed. The London of 1665 was such a city. 
The cities of the East, where plague has an enduring 
dwelling, are such cities. We, in later times, have 
learned somewhat of Nature, and partly obey her. 
Because of this partial improvement of our natural 
knowledge and of that fractional obedience, we have 
no plague ; because that knowledge is still very imper- 
fect and that obedience yet incomplete, typhus is our 
companion and cholera our visitor. But it is not 
presumptuous to express the belief that, when our 
knowledge is more complete and our obedience the 
expression of our knowledge, London will count her 
centuries of freedom from typhus and cholera, as she 
now gratefully reckons her two hundred years of 
ignorance of that plague which swooped upon her 
thrice in the first half of the seventeenth century. 

Surely, there is nothing in these explanations which 
is not fully borne out by the facts ? Surely, the prin- 
ciples involved in them are now admitted among the 
fixed beliefs of all thinking men? Surely, it is true 
that our countrymen are less subject to fire, famine, 
pc;stilence, and all the evils which result from a wont 
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of command over and due anticipation of the course of 
Nature, than were the countrjrmen of Milton ; and health, 
wealth, and well-being are more abundant with us than 
with them ? But no less certainly is the difference due 
to the improvement of our knowledge of Nature, and 
the extent to which that improved knowledge has been 
incorporated with the household words of men, and has 
supplied the springs of their daily actions. 

Granting for a moment, then, the truth of that which 
the depreciators of natural knowledge are so fond of 
urging, that its improvement can only add to the resources 
of our material civilization ; admitting it to be possible that 
the founders of the Eoyal Society themselves looked for 
no other reward than this, I cannot confess that I was 
guilty of exaggeration when I hinted, that to him who 
had the gift of distinguishing between prominent events 
and important events, the origin of a combined effort 
on the part of mankind to improve natural knowledge 
might havg loomed larger than the Plague and have out- 
shone the glare of the Fire ; as a something fraught with 
a wealth of beneficence to mankind, in comparison with 
which the damage done by those ghastly evils would 
shrink into insignificance. 

It is very certain that for every victim slain by 
the plague, hundreds of mankind exist and find a fair 
share of happiness in the world, by the aid of the 
spiimiDg jenny. And the great fire, at its worst, could 
not have burned the supply of coal, the daily working 
of which, ill the bowels of the earth, made possible by the 
steam pump, gives rise to an amount of wealth to which 
the millions lost in old London are but as an old song. 

But spinning jenny and steam pump are, after all, but 
toys, possessing an accidental value ; and natural know- 
ledge creates multitudes of more subtle contrivances, the 



praises of which do not happen to be sung because they 
are not directly convertible into instruments for creating 
wealth. When I contemplate natural knowledge squan- 
dering such gifts among men, the only appropriate 
comparison I can find for her is, to liken her to such a 
peasant woman as one sees in the Alps, striding ever 
upward, heavily burdened, and with mind bent only on 
her home ; but yet, without effort and without thought, 
knitting for her children. Now stockings are good and 
comfortable things, and the children will undoubtedly 
be much the better for them ; but surely it would be 
short-sighted, to say the least of it, to depreciate this 
toUing mother as a mere stocking-machme — a mere 
provider of physical comforts? 

However, there are blind leaders of the blind, and not 
a few of them, who take this view of natural knowledgo 
and can see nothing in the bountiful mother of humanity 
but a sort of comfort-grinding machine. According to 
them, the improvement of natural knowledge always has 
been, and always must be, synonymous with no more 
than the improvement of the material resources and the 
increase of the gratifications of men. 

Natural knowledge is, in their eyes, no real mother of 
mankind, bringing them up with kindness, and, if need 
be, with sternness, in the way they should go, and 
instructing them in all things needful for their welfare ; 
but a sort of fairy godmother, ready to furnish her pets 
with shoes of swiftness, swords of sharpness, and omni- 
potent Aladdin's lamps, so that they may have telegraphs 
to Saturn, and see the other side of the moon, and thank 
God they are better than their benighted ancestors. 

If this talk were true, I, for one, should not greatly 
care to toil in the service of natural knowledge. 1 think 
I would just as soon be quietly chipping my own flint 
axe, after the manner of my forefathers a few thousand 
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years back, as be troubled with the endless malady of 
Lught which now infests us aU. for such rewaxd. , kt 
I venture to say that such views are contrary alike to 
reason and to fact Those who discourse in such fashion 
seem to me to be so intent upon trying to see what is 
above Nature, or what is behind her, that they are blind 
to what stares them in the face, in her. 

I should not venture to speak thus strongly if my 
justification were not to be found in the simplest and 
most obvious facts, — if it needed more than an appeal 
to the most notorious truths to justify my assertion, that 
the improvement of natural knowledge, whatever direc- 
tion it has taken, and however low the aims of those 
who may have commenced it — has not only conferred 
practical benefits on men, but, in so doing, has effected 
a revolution in their conceptions of the universe and of 
themselves, and has profoundly altered their modes of 
thinking and -their views of right and wrong. I say 
that natural knowledge, seeking to satisfy natural wants, 
has found the ideas which can alone still spiritual 
cravings. I say that natural knowledge, in desiring to 
ascertain the laws of comfort, has been driven to discover 
those of conduct, and to lay the foundations of a new 
morality. 

Let us take these points separately ; and, first, what 
great ideas has natural knowledge introduced into men's 
minds? 

I cannot but think that the foundations of all natural 
knowledge were laid when the reason of man first came 
face to face with the facts of Nature : when the savage 
first learned that the fingers of one hand are fewer than 
those of both ; that it is shorter to cross a stream than 
to head it ; that a stone stops where it is unless it be 
moved, and that it drops from the hand which lets it go ; 
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that lijrht and heat come and go with the sun ; that 
sticks bum away in a fire ; that plants and animals grow 
and die ; that if he struck his fellow-savage a blow he 
Avould make him angry, and perhaps get a blow in return, 
while if he offered him a firuit he would please him, and 
perhaps receive a fish in exchange. When men had 
acquired this much knowledge, the outlines, rude though 
they were, of mathematics, of physics, of chemistry, of 
biology, of moral, economical, and political science, were 
sketched- Nor did the germ of religion fail when 
science began to bud. Listen to words which, though 
new, are yet three thousand years old : — 

^ . . . Wlien in heaven the stars about the moon 
Look beautiful, when all the winds are laid, 
And eveiy height comes out, and jutting peak 
And valley, and the immeasurable heavens 
Break open to their highest, and all the stars 
Shine, and the shepherd gladdens in his heart" > 

If the half-savage Greek could share our feelings thus 
far, it is irrational to doubt that he went further, to 
find, as we do, that upon that brief gladness there 
follows a certain sorrow, — ^the little light of awakened 
human intelligence shines so mere a spark amidst the 
abyss of the unknown and unknowable ; seems so in- 
sufficient to do more than illuminate the imperfections 
that cannot be remedied, the aspirations that cannot be 
realized, of man's own nature. But in this sadness, this 
consciousness of the limitation of man, this sense of an 
open secret which he cannot penetrate, lies the essence of 
all religion ; and the attempt to embody it in the forms 
furnished by the intellect is the origin of the higher 
theologies. 

Thus it seems impossible to imagine but that the 
foandations of all knowledge — secular or sacred — ^were 

^ Need it be said that this is Tonnjson*s English for Homer's Greek ? ^ 
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laid when intelligence dawned, though the superstructure 
remained for long ages so slight and feeble as to be 
compatible with the existence of almost any general 
view respecting the mode of governance of the universe. 
No doubt, from the first, there were certain phaenomena 
which, to the rudest mind, presented a constancy of 
occurrence, and suggested that a fixed order ruled, at 
any rate, among them. I doubt if the grossest of Fetish 
worshippers ever imagined that a stone must have a 
god within it to make it fall, or that a fruit had a god 
within it to make it taste sweet. With regard to such 
matters as these, it is hardly questionable that man- 
kind from the first took strictly positive and scientific 
views. 

But, with respect to all the less familiar occurrences 
which present themselves, imcultured man, no doubt, has 
always taken himself as the standard of comparison, as 
the centre and measure of the world ; nor could he well 
avoid doing so. And finding that his apparently un- 
caused will has a powerful effect in giving rise to many 
occurrences, he naturally enough ascribed other and 
greater events to other and greater volitions, and came 
to look upon the world and all that therein is, as the 
product of the volitions of persons like himself, but 
stronger, and capable of being appeased or angered, as 
he himself might be soothed or irritated. Through such 
conceptions of the plan and working of the universe all 
mankind have passed, or are passing. And we may now 
consider, what has been the effect of the improvement 
of natural knowledge on the views of men who have 
reached this stage, and who have begun to cultivate 
natural knowledge with no desire but that of "increasing 
God's honour and bettering man's estate." 

For example . what could seem wiser, from a mere 
material point of view, more innocent, from a theological 
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one, to an ancient people, than that they should learn 
the exact succession of the seasons, as warnings for their 
husbandmen; or the position of the stars, as^ guides to 
their rude navigators ? But what has grown out of this 
search for natural knowledge of so merely useful a 
character? You all know the reply. Astronomy, — 
which of all sciences has fiUed men's minds with general 
ideas of a character most foreign to their daily ex- 
perience, and has, more than any other, rendered it 
impossible for them to accept the beliefs of their fathers. 
Astronomy, — which tells them that this so vast and 
seemingly solid earth is but an atom among atoms, 
whirling, no man knows whither, through illimitable 
space ; which demonstrates that what we call the peace- 
ful heaven above us, is but that space, filled by an 
infinitely subtle matter whose particles are seething and 
surging, like the waves of an angry sea ; which opens 
up to us infinite regions where nothing is known, or 
ever seems to have been known, but matter and force, 
operating according to rigid rules; which leads us to 
contemplate phaenomena the very nature of which 
demonstrates that they must have had a beginning, and 
that they must have an end, but the very nature of 
which also proves that the beginning was, to our concep- 
tions of time, infinitely remote, and that the end is as 
immeasurably distant. 

But it is not alone those who pursue astronomy who 
ask for bread and receive ideas. What more harmless 
than the attempt to lift and distribute water by pumping 
it ; what more absolutely and grossly utilitarian ? But 
out of pumps grew the discussions about Nature's 
abhorrence of a vacuum; and then it was discovered 
that Nature does not abhor a vacuum, but that air has 
weight ; and that notion paved the way for the doctrine 
that all matter has weight, and that the force which 
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produces weight is co-extensive with the universe, — in 
short, to the theory of universal gravitation and endless 
force. While learning how to handle gases led to the 
discovery of oxygen, and to modem chemistry, and to 
the notion of the indestructibility of matter. 

Again, what simpler, or more absolutely practical, 
than the attempt to keep the axle of a wheel from 
heating when the wheel turns round very fast ? How 
useful for carters and gig drivers to know something 
about this ; and how good were it, if any ingenious 
person would find out the cause of such phsenomena, 
and thence educe a general remedy for them. Such 
an ingenious person was Count Kumford ; and he and 
his successors have landed us in the theory of the per- 
sistence, or indestructibility, of force. And in the in- 
finitely minute, as in the infinitely great, the seekers 
after natural knowledge, of the kinds called physical and 
chemical, have everywhere found a definite order and 
succession of events which seem never to be infringed. 

And how has it fared with ** Physick " and Anatomy? 
Have the anatomist, the physiologist, or the physician, 
whose business it has been to devote themselves assi- 
duously to that eminently practical and direct end, the 
alleviation of the sufferings of mankind, — have they 
been able to confine their vision more absolutely to the 
strictly useful ? I fear they are worst offenders of all. 
For if the astronomer has set before us the infinite 
magnitude of space, and the practical eternity of the 
duration of the universe; if the physical and chemical 
philosophers have demonstrated the infinite minuteness 
of its constituent parts, and the practical eternity of 
matter and of force ; and if both have alike proclaimed 
the universality of a definite and predicable order and 
succession of events, the workers in biology have not 
only accepted all these, but have added more startling 



16 ^ag SttmoxtB, (Bbbvcqb, anir ^jebufos* [i. 

theses of their own. For, as the astronomers discover in 
the earth no centre of the universe, but an eccentric 
speck, so the naturalists find man to be no centre of 
the living world, but one amidst endless modifications 
of life; and as the astronomer observes the mark of 
practically endless time set upon the arrangements of 
the solar system so the student of life finds the records 
of ancient forms of existence peopling the world for ages, 
which, in relation to human experience, are infinite. 

Furthermore, the physiologist finds life to be as 
dependent for its manifestation on particular molecular 
arrangements as any physical or chemical phenomenon ; 
and, wherever he extends his researches, fixed order 
and unchanging causation reveal themselves, as plainly 
as in the rest of Nature. 

Nor can I find that any other fate has awaited the 
germ of Keligion. Arising, like all other kinds oi 
. knowledge, out of the action and interaction of man's 
I mind, with that which is not man's mind, it has taken 
'the intellectual coverings of Fetishism or Pol3^heism ; oi 
Theism or Atheism; of Superstition or Eationalism. 
With these, and their relative merits and demerits^ I 
have nothing to do ; but this it is needful for my 
purpose to say, that if the religion of the present differs 
from that of the past, it is because the theology of the 
present has become more scientific than that of the past; 
because it has not only renounced idols of wood and 
idols of stone, but begins to see the necessity of breaking 
in pieces the idols buUt up of books and traditions and 
fine-spun ecclesiastical cobwebs : and of cherishing the 
noblest and most human of man's emotions, by worship 
" for the most part of the silent sort" at the altar of the 
Unknown and Unknowable. 

Such are a few of the new conceptions implanted in 
our minds by the improvement of natural knowledge. 
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Men have acquired the ideas of the practically infinite 
extent of the universe and of its practical eternity ; 
they are familiar with the conception that our earth 
is but an infinitesimal fragment of that part of the 
universe which can be seen ; and that, nevertheless, its 
duration is, as compared with our standards of time, 
infinite. They have further acquired the idea that man 
is but one of innumerable forms of life now existing in 
the globe, and that the present existences are but the 
last of an immeasurable series of predecessors. More- 
over, every step they have made in natural knowledge 
has tended to extend and rivet in their minds the con- 
ception of a definite order of the universe — which is 
embodied in what are called, by an unhappy metaphor, 
the laws of Nature — and to narrow the range and 
loosen the force of men s belief in spontaneity, or in 
changes other than such as arise out of that definite 
order itself. 

Whether these ideas are well or ill founded is not the 
question. No one can deny that they exist, and have 
been the inevitable outgrowth of the improvement of 
natural knowledge. And if so, it cannot be doubted 
that they are changing the form of men's most cherished 
and most important convictions. 

And as regards the second point — the extent to which 

the improvement of natural knowledge has remodelled 

and altered what may be termed the intellectual ethics 

]of men, — what are among the moral convictions most 

fondly held by barbarous and semi-barbarous people ? 

They are the convictions that authority is the soundest 
basis of belief; that merit attaches to a readiness to 
believe ; that the doubting, disposition is a bad one, 
and scepticism a sin ; that when good authority has 
pronounced what is to be believed, and faith has ac- 

o 



cepted it, reason has no further duty. There are many 
excellent persons who yet hold by these principles, and 
it is not my present business, or intention, to discuss 
their views. All I wish to bring clearly before your 
minds is the unquestionable fact, that the improvement 
of natural knowledge is effected by methods which 
directly give the lie to all these convictions, and assume 
the exact reverse of each to be true. 

The improver of natural knowledge absolutely refuses 
to acknowledge authority, as such. For him, scepticism 
is the highest of duties ; blind faith the one unpardon- 
able sin. And it cannot be otherwise, for every great 
advance in natural knowledge has involved the absolute 
rejection of authority, the cherishing of the keenest 
scepticism, the annihilation of the spirit of blind faith ; 
and the most ardent votary of science holds his firmest 
convictions, not because the men he most venerates 
hold them ; not because their verity is testified by 
portents and wonders ; but because his experience teaches 
him that whenever he chooses to bring these convictions 
into contact with their primary source, Nature — ^when- 
ever he thinks fit to test them by appealing to experimest 
and to observation — Nature will confirm them. The 
man of science has learned to believe in justification, 

^ not by faith, but by verification. 

Thus, without for a moment pretending to despise 
the practical results of the improvement of natural 
knowledge, and its beneficial influence on material civiU- 
zation, it must, I think, b3 admitted that the great 

. ideas, some of which I have indicated, and the ethical 
spirit which I have endeavoured to sketch, in the few 
moments which remained at my disposal, constitute the 
real and permanent significance of natural knowledge. 

If these ideas be destined, as I believe they are, to 
be more and more firmly established as the world grows 
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older; if that spirit be fated, as I believe it is, to 
extend itself into all departments of human thought, and 
to become co-extensive with the range of knowledge ; if, 
as our race approaches its maturity, it discovers, as I be- 
lieve it will, that there is but one kind of knowledge and 
but one method of acquiring it ; then we, who are still 
children, may justly feel it our highest duty to recognise 
the advisableness of improving natural knowledge, and 
so to aid ourselves and our successors in their course 
towuids the noble goal which lies before mankind. 



IL 
EMANCIPATION— BLACK AND WHITE. 

Qcjashie's plaintive inquiry, "Am I not a man and a 
brother ? " seems at last to have received its final reply — 
the recent decision of the fierce trial by battle on the 
other side of the Atlantic fully concurring with that long 
since delivered here in a more peaceful way. 

The question is settled ; but even those who are most 
thoroughly convinced that the doom is just, must see 
good grounds for repudiating half the arguments which 
have been employed by the winning side; and for 
doubting whether its ultimate results will embody the 
hopes of the victors, though they may more than realize 
the fears of the vanquished. It may be quite true that 
some negroes are better than some white men; but no 
rational man, cognizant of the facts> believea that the 
average negro is the equal, still less the superior, of the 
average white man. And, if this be true, it is simply 
incredible that, when all his disabilities are removed, and 
our prognathous relative has a fair field and no favour, 
as well as no oppressor, he will be able to compete 
successfully with his bigger-brained and smaller-jawed 
rival, in a contest which is to be carried on by thoughts 
and not by bites. The highest places in the hierarchy of 
civilization will assuredly not be within the reach of our 
dusky cousins, though it is by no means necessary that 



II.] ^maittipaibn— §bch anir Wihitt. 21 

they should be restricted to the lowest. But wbatever 
the position of stable equilibrium into which the laws of 
social gravitation may bring the negro, all responsibility 
for the result will henceforward he between Nature and 
him. The white man may wash his hands of it, and the 
Caucasian conscience be void of reproach for evermore. 
And this, if we look to the bottom of the matter, is the 
real justification for the abolition policy. 

The doctrine of equal natural rights may be an Ulogical 
delusion; emancipation may convert the slave from a 
well fed animal into a pauperised man ; mankind may 
even have to do without cotton shirts ; but all these evils 
must be faced, if the moral law, that no human being 
can arbitrarily dominate over another without grievous 
damage to his own nature, be, as many think, as readily 
demonstrable by experiment as any physical truth. If 
this be true, no slavery can be abolished without a double 
emancipation, and the master will benefit by freedom 
more than the freed-man. 

The like considerations apply to all the other questions 
of emancipation which are at present stirring the world— 
the multifarious demands that classes of mankind shall 
be reheved from restrictions imposed by the artifice of 
man, and not by the necessities of Nature. One of the 
most important, if not .the most important, of all these, is 
that which daily threatens to become the " irrepressible '' 
woman question. What social and political rights have 
women ? What ought they to be allowed, or not allowed 
to do, be, and sufier ? And, as involved in, and under- 
lying all these questions, how ought they to be educated? 

There are philogynists as fanatical as any "misogu- 
nists*' who, reversing our antiquated notions, bid the 
man look upon the woman as the higher tj^e of 
humanity ; who ask us to regard the female intellect as 
the clearer and the quicker, if not the stronger; who 
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desire us to look up to the feminine moral sense as the 
purer and the nobler ; and bid man abdicate his usurped 
sovereignty over Nature in favour of the female line. 
On the other hand, there are persons not to be outdone 
in all loyalty and just respect for woman-kind, but by 
nature hard of head and haters of delusion, however 
charming, who not only repudiate the new woman- 
worship which so many sentimentalists and some philo- 
sophers are desirous of setting up, but, carrying their 
audacity further, deny even the natural equality of the 
sexes. They assert, on the contrary, that in every 
excellent character, whether mental or physical, the 
'dverme woman is inferior to the averaore man, in the 
sense of having that character less in quantity, and lower 
in quality. Tell these persons of the rapid perceptions and 
the instinctive intellectual insight of women, and they 
reply that the feminine mental peculiarities, which pass 
under these names, are merely the outcome of a greater 
impressibility to the superficial aspects of things, and of 
the absence of that restraint upon expression, which, in 
men, is imposed by reflection and a sense of responsibility. 
Talk of the passive endurance of the weaker sex, and 
opponents of this kind remind you that Job was a man, 
and that, until quite recent times, patience and long- 
suffering were not counted among, the specially feminine 
virtues. Claim passionate tenderness as especially 
feminine, and the inquiry is made whether all the best 
love-poetry in existence (except, perhaps, the "Sonnets 
from the Portuguese " ) has not been written by men ; 
whether the song which embodies the ideal of pure and 
tender passion — ^Adelaida — ^was written by Frau Beeth- 
oven ; whether it was the Fornarina, or Kaphael, who 
painted the Sistine Madonna. Nay, we have known one 
such heretic go so far as to lay his hands upon the ark' 
itself, so to speak, and tx> defend the startling paradox 
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\/wiat, even in phyaical beauty, man ia the superior. He 
admitted, indeed, that there was a brief period of early 
youth, when it might be hard to say whether the prize 
should be awarded to the graceful undulations of the 
female figure, or the perfect balance and supple vigour of 
the male frame. But while our new Paris might hesitate 
between the youthful Bacchus and the Venus emerging 
from the foam, he averred that, when Venus and Bacchus 
had reached thirty, the point no longer admitted of a 
doubt; the male form having then attained its greatest 
nobility, wbde the female is far gone in decadence ; and 
that, at this epoch, womanly beauty, so far as it is inde- 
pendent of grace or expression, is a question of drapeiy 
and accesBonea, 

Supposing, however, that all these arguments have a 
certam foundation ; admitting for a moment, that they 
are comparable to those by which the inferiority of the 
negro to the white man may be demonstrated, are they 
of any value as against woman-emancipation ? Do they 
afford us the smallest ground for refusing to educate 
women as well as men — to give women the same civil 
and political rights as men ? No mistake is so commonly 
made by clever people as that of assuming a cause to be 
bad because the arguments of its supporters are, to a 
great extent, nonsensical. And we conceive that those 
who may laugh at the arguments of the extreme 
philogynists, may yet feel bound to work heart and soul 
towards the attainment of their practical ends, 

Ab regards education, for example. Granting the 
alleged defects of women, is it not somewhat absurd to 
sanction and maintain a system of education which 
would seem to have been specially contrived to ex- 
aggerate all these defects ? 

Naturally not so firmly stning, nor so well balanced, 
as boys, girls are in great measure debarred from the 
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sports and physical exercises which are justly thought 
absolutely necessary for the full development of the 
vigour of the more favoured sex. Women are, by nature, 
more excitable than men — prone to be swept by tides of 
emotion, proceeding from hidden and inward, as well as 
from obvious and external causes ; and female education . 
does its best to weaken every physical counterpoise to* 
this nervous mobility — tends in all ways to stimulate the 
emotional part of the mind and stunt the rest We find 
girls naturally timid, inclined to dependence, born con- 
servatives; and we teach them that independence is 
unladylike ; that blind faith is the right frame of mind ; 
and that whatever we may be permitted, and indeed 
encouraged, to do to our brother, our sister is to be left 
to the tyranny of authority and tradition. With few 
insignificant exceptions, girls have been educated either 
to be drudges, or toys, beneath man ; or a sort of angels 
above him; the highest ideal aimed at oscillating between 
Clarchen and Beatrice. The possibility that the ideal of 
womanhood lies neither in the fair saint, nor in the fair 
1 sinner; that the female type of character is neither 
bettei nor worse than the male, but only weaker ; that 
women are meant neither to be men's guides nor then? 
playthings, but their comrades, their fellows and then: 
equals, so far as Nature puts no bar to that equality, does 
not seem to have entered into the minds of those who 
have had the conduct of the education of girls. 

If the present system of female education stands self- 
condemned, as inherently absurd ; and if that which we 
have just indicated is the true position of woman, what 
is the first step towards a better state of things ? We 
reply, emancipate girls. Kecognise the fact that they 
share the senses, perceptions, feelings, reasoning powers, 
emotions, of boys, and that the mind of the average girl 
is less different from that of the average boy, than the 
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mind of one boy is from that of another ; so that what- 
ever argument justifies a given education for all boys, 
justifies its application to girls as well. So far from 
imposing artificial restrictions upon the acquirement of 
knowledge by women, throw every facility in their way. 
Let our Faustinas, if they will, toil through the whole 
round of 

** Juristerei und Medizin, 
Und leider ! auch Philosophic " 

Let us have " sweet girl graduates " By all means. They 
will be none the less sweet for a little wisdom ; and the 
"golden hair'' will not curl less gracefully outside the 
head by reason of there being brains within. Nay, if 
obvious practical difficulties can be overcome, let those 
women who feel inclined to do so descend into the 
gladiatorial arena of life, not merely in the guise of 
retiaricB, as heretofore, but as bold sicarice, breasting the 
open fray. Let them, if they so please, become mer- 
chants, barristers, politicians. Let them have a fair field, 
but let them understand, as the necessary correlative, 
that they are to have no favour. Let Nature alone sit 
high above the lists, " rain influence and judge the 
prize.** 

And the result? For our parts, though loth tD 
prophesy, we believe it will be that of other emanci- 
pations. Women will find their place, and it will neither 
be that in which they have beeu held, nor that to which 
some of them aspire. Nature's old salique law will not 
be repealed, and no change of dynasty will be effected. 
The big chests, the massive brains, the vigorous muscles 
and stout fi'ames, of the best men will carry the day, 
whenever it is worth their while to contest the prizes of 
life with the best women. And the hardship of it is, 
that the very improvement of the women will lessen 
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their chances. Better mothers will bring forth better 
sons, and the impetus gained by the one sex will be 
transmitted, in the next generation, to the other. The 
most Darwinian of theorists will not venture to pro- 
pound the doctrine, that the physical disabilities under 
which women have hitherto laboured, in the struggle for 
existence with men, are likely to be removed by even the 
most skilfully conducted process of educational selection. 

We are, indeed, fully prepared to believe that tiie 
bearing of children may, and ought, to become as free 
from danger and long disability, to the civilized woman, 
as it is to the savage; nor is it improbable that, as 
society advances towards its right organization, mother- 
hood will occupy a less space of woman's life than it has 
hitherto done. But still, unless the human species is to 
come to an end altogether — a consummation which can 
hardly be desired by even the most ardent advocate of 
'* women's rights " — somebody must be good enough to 
take the trouble and responsibility of annually adding to 
the world exactly as many people as die out of it. In 
consequence of some domestic difficulties, Sydney Smith 
is said to have suggested that it would have been good 
for the human race had the model offered by the hive 
been followed, and had all the working part of the female 
community been neuters. Failing any thorough-goinj 
reform of this kind, we see nothing for it but the oh 
division of humanity into men potentially, or actually, 
fathers, and women potentially, if not actually, mothers. 
And we fear that so long as this potential motherhood is 
her lot, woman will be found to be fearfully weighted in 
the race of life. 

The duty of man is to see that not a grain is piled 
upon that load beyond what Nature imposes; that 
injustice is not added to ineq^uality. 



IIL 

A LIBERAL EDUCATION ; AND 
WHERE TO FIND IT. 

The business which the South London Working Mens 
College has undertaken is a great work ; indeed, I might 
say, that Education, with which that college proposes to 
grapple, is the greatest work of all those which lie ready 
to a man*s hand just at present. 

And, at length, this fact is becoming generally recog- 
nised. You cannot go anywhere without hearing a buzz 
of more or less confused and contradictory talk on this 
subject — nor can you fail to notice that, in one point at 
any rate, there is a very decided advance upon like 
discussions in former days. Nobody outside the agri- 
cultural interest now dares to say that education is a 
bad thing. If any representative of the once large and 
powerful party, which, in former days, proclaimed this 
opinion, still exists in a semi-fossil state, he keeps his 
thoughts to himself In fact, there is a chorus of voices, 
almost distressing in thcii* harmony, raised in favour of 
the doctrine that education is the great panacea for 
human troubles, and that, if the country is not shortly 
to go to the dogs, everybody must be educated. 

The politicians tell us, " you must educate the masses 
because they are going to be masters.*' The clergy join 
in the cry for education, for they aflSrm that the people 
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are drifting away from church and chapel into the 
broadest infidelity. The manufacturers and the capita- 
lists swell the chorus lustily. They declare that igno- 
rance makes bad workmen; that Eiigland wLQ soon be 
unable to turn out cotton goods, or steam engines, 
cheaper than other people ; and then, Ichabod I Ichabod ! 
the glory will be departed from us. And a few voices 
are lifted up in favour of the doctrine that the masses 
should be educated because they are men and women 
with unlimited capacities of being, doing, and suffering, 
and that it is as true now, as ever it was, that the people 
perish for lack of knowledge. 

These members of the minority, with whom I confess 
I have a good deal of sympathy, are doubtful whether 
any of the other reasons urged in favour of the education 
of the people are of much value — whether, indeed, some 
of thenr are based upon either wise or noble grounds of 
action. They question if it be wise to tell people that 
you will do for them, out of fear of their power, what 
you have left undone, so long as your only motive was 
compassion for their we?,kness and their sorrowsw And, if 
ignorance of everything which it is needful a ruler should 
know is likely to do so much harm in the governing 
classes of the future, why is it, they ask reasonably 
enough, that such ignorance in the governing classes of 
the past has not been viewed with equal horror ? 

Compare the average artisan and the average countrj' 
squire, and it may be doubted if you will find a pin to 
choose between the two in point of ignorance, class 
feeling, or prejudice. It is true that the ignorance is of 
a different sort — ^that the class feeling is in favour of a 
different class, and that the prejudice has a distinct 
favour of wrong-headedness in each case — but it is 
questionable if the one is either a bit better, or a bit 
worse, than the other. The old protectionist theory is 
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the doctrine of trades unions as applied by the squires, 
and the modern trades unionism is the doctrine of the 
squires applied by the artisans. Why should we boi 
worse off under one rSgime than under the other ? 

Again, this sceptical minority asks the clergy to think 
whether it is really want of education which keeps the 
masses away from their ministrations — whether the most 
completely educated men are not as open to reproach on 
this score as the workmen ; and whether, perchance, this 
may not indicate that it is not education which lies at 
the bottom of the matter ? 

Once more, these people, whom there is no pleasing, 
venture to doubt whether the glory, which rests upon 
being able to undersell all the rest of the world, is a very 
safe kind of glory — whether we may not purchase it too 
dear; especially if vfe aUow education, which ought to 
be directed to the making of men, to be diverted into a 
process of manufacturing human tools, wonderfully adroit 
in the exercise of some technical industry, but good for 
nothing else. 

And, finally, these people inquire whether it is the 
masses alone who need a reformed and improved educa- 
tion. They ask whether the richest of our public schools 
might not well be made to supply knowledge, as well as 
gentlemanly habits, a strong class feeling, and eminent 
proficiency in cricket. They seem to think that the noble 
foundations of our old universities are hardly fulfilling 
their functions in their present posture of half-clerical 
seminaries, half racecourses, where men are trained to 
win a senior wranglership, or a double-first, as horr>es are 
trained to win a cup, with as little reference to the needs 
of after-life in the case of the man as in that of the 
racer. And, while as zealous for education as the rest, 
they affirm that, if the education of the richer classes 
were such as to fit them to be the leaders and the 
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governors of the poorer ; and, if the education of the 
poorer classes were such as to enable them to appreciate 
really wise guidance and good governance ; the politicians 
need not fear mob-law, nor the clergy lament fiieir want 
of flocks, nor the capitalists prognosticate the annihilation 
of the prosperity of the country. 

Such is the diversity of opinion upon the why and the 
wherefore of education. And my hearers will be pre- 
pared to expect that the practical recommendations 
which are put forward are not less discordant There is 
a loud cry for compulsory education. We English, in 
spite of constant experience to the contrary, preserve a 
touching faith in the efficacy of acts of parfiament ; and 
I believe we should have compxdsory education in the 
course of next session, if there were the least probability 
that half a dozen leading statesmen of diflFerent parties 
would agree what that education should be. 

Some hold that education without theology is worse than 
none. Others maintain, quite as strongly, that educa- 
tion with theology is in the same predicament. But this 
is certain, that those who hold the first opinion can by no 
means agree what theology should be taught ; and that 
those who maintain the second are in a small minority. 

At any rate "make people learn to read, write, and 
cipher,'' say a great many; and the advice is un- 
doubtedly sensible as far as it goes. But, as has 
happened to me in former days, those who, in despair of 
getting anything better, advocate this measure, are met 
with the objection that it is very like making a child 
practise the use of a knife, fork, and spoon, without 
giving it a particle of meat. I really don't know what 
reply is to be made to such an objection. 

But it would be unprofitable to spend more time in 
disentangling, or rather in showing up the knots in, the 
xavelled skeins of our neighbours. Much more to the 
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purpose is it to ask if we possess any clue of our own 
which may guide us among these entanglements. And 
by way of a beginning, let us ask ourselves — What is 
education? Above all things, what is our ideal of a 
thoroughly liberal education ? — of that education which, 
if we could begin life again, we would give ourselves — 
of that education which, if we could mould the fates to 
our own will, we would give our children. Well, I know 
not what may be your conceptions upon this matter, 
but I will tell you mine, and I hope I shall find that our 
views axe not very discrepant 

Suppose it were perfectly certain that the life and 
fortune of every one of us would, one day or other, 
depend upon his winning or losing a game at chess. 
Don't you think that we should all consider it to be a 
primary duty to learn at least the names and the moves 
of the pieces ; to have a notion of a gambit, and a keen 
eye for all the means of giving and getting out of check? 
Do you not think that we should look with a disappro- 
bation amounting to scorn, upon the father who allowed 
his son, or the state which allowed its members, to grow 
up without knowing a pawn from a knight ? 

Yet it is a very plain and elementary truth, that the 
life, the fortune, and the happiness of every one of us, 
and, more or less, of those who are connected with us, do 
depend upon our knowing something of the rules of a 
game infinitely more difficult and complicated than chess. 
It is a game which has been played for untold ages, every 
man and woman of us being one of the two players in a 
game of his or her own. The chess-board is the world, 
the pieces are the phenomena of the universe, the rules 
of the game are what we call the laws of Nature. The 
player on the other side is hidden from us. We know 
that his play is always fair^ just^ and patient But also 
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we know, to our cost, that he never overlooks a mistake, 
or makes the smallest allowance for ignorance. To the 
man who plays well, the highest stakes are paid, with that 
sort of ovci-flowing generosity with which the strong 
shows delight in strength. And one who plays ill is 
checkmated — without haste, but without remorse. 

My metaphor will remind some of you of the famous 
picture in which Retzsch has depicted Satan playing at 
chess with man for his souL Substitute for the mocking 
fiend in that picture, a calm, strong angel who is playing 
for love, as we say, and would rather lose than win — ^and 
I should accept it as an image of human life. 

AVell, what I mean by Education is learning the rules 
of this mighty game. In other words, education is the 
instruction of the intellect in the laws of Nature, under 
which name I include not merely things and* their forces, 
but men and their ways; and the fashioning of the 
affections and of the will into an earnest and loving 
desire to move in harmony with those laws. For me, 
education means neither more nor less than this. Any- 
thing which professes to call itself education must be 
tried by this standard, and if it fails to stand the test, 1 
will not call it education, whatever may be the force of 
authority, or of numbers, upon the other side. 

It is important to remember that, in strictness, there 
is no such thing as an uneducated man. Take an qx- 
treme case. Suppose that an adult man, in the full 
vigour of his facidties, could be suddenly placed in the 
world, as Adam is said to have been, and then left to 
do as he best might. How long would he be left 
uneducated ? Not five minutes. Nature would begin 
to teach him, through the eye, the ear, the touch, the 
properties of objects. Pain and pleasure would be at his 
elbow telling him to do this and avoid that; and by slow 
degrees the man would receive an education, which, if 



^ii] % Pbtral ^tmcB&m. 33 

narrow, would be thorough, real, and adequate to his 
circumstances, though there would be no extras and very 
few accomplishments. 

And if to this solitary man entered a second Adam, 
or, better still, an Eve, a new and greater world, that of 
social and moral phenomena, would be revealed- Joys 
and woes, compared with which all others might seem 
but faiut shadows, would spring from the new relations. 
Happiness and sorrow would take the place of the 
coarser monitors, pleasure and pain ; but conduct would 
still be shaped by the observation of the natural conse- 
quences of actions; or, in other words, by the laws of 
the nature of man. 

To every one of us the world was once as fresh and 
new as to Adam. And then, long before we were sus- 
ceptible of auy other mode of instruction. Nature took 
us in hand, and every minute of waking life brought its 
educational influence, shaping our actions into rough 
accordance with Nature's laws, so that we mi::ht not be 
ended imtimely by too gross disobedience. Nor should 
I speak of this process of education as past, for any one, 
be he as old as he may. For every man, the world is as 
fresh as it was at the first day, and as full of untold 
novelties for him who has the eyes to see them. And 
Nature is still continuing her patient education of us in 
that great university, the universe, of which we are ali 
members — Nature having no Test-Acts. 

Those who take honours in Nature's university, who 
learn the laws which govern men and things and obey 
them, are the really great and successful men in this 
world. The great mass of mankind are the " Poll," who 
pick up just euough to get through without much dis- 
credit. Those who won't learn at all are plucked ; and 
then you can't come up again. Nature's pluck means 
extermination. 
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Thus the question of compulsory education is settled 
sf) far as Nature is concerned. Her bill on that question 
was framed and passed long ago. But, like all com- 
puLsory legislation, that of Nature is harsh and wastefiil 
in its operation. Ignorance is visited as sharply as 
wilful disobedience — incapacity meets with the same 
punishment as crime. Nature's discipline is not even a 
word and a blow, and the blow first ; but the blow 
without the word. It is left to you to find out why 
your ears are boxed. 

The object of what we commonly call education — that 
education in which man intervenes and which I shall 
distinguish as artificial education — is to make good these 
defects in Nature's methods; to prepare the child to 
receive Nature's education, neither incapably nor igno- 
rantly, nor with wilful disobedience ; and to imderstand 
the preliminary symptoms of her displeasure, without 
waiting for the box on the car. In short, all artificial 
education ought to be an anticipation of natural educa- 
tion. And a liberal education is an artificial education, 
which has not only prepared a man to escape the 
great evils of disobedience to natural laws, but has 
trained him to appreciate and to seize upon the rewards, 
which Nature scatters with as free a hand as her 
penalties. 

That man, I think, has had a liberal education, who 
has been so trained in youth that his body is the ready 
servant of his will, and does with ease and pleasure all 
the work that, as a mechanism, it is capable of ; whose 
intellect is a clear, cold, logic engine, with all its parts 
of equal strength, and in smooth working order ; ready, 
like a steam engine, to be turned to any kind of work, 
and spin the gossamers as well as forge the anchors of 
the mind ; whose mind is stored with a knowledge of 
the great and fundamental truths of Nature and of the 
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laws o{ her operations ; one who, no stunted ascetic, is 
full of life and fire, but whose passions are trained to 
come to heel by a vigorous will, the servant of a tender 
conscience;, who has learned to love all beauty, whether 
of Nature or of art, to hate all vileness, and to respect 
others as himself. 

Such an one and no other, I conceive, has had a liberal 
education ; for he is, as completely as a man can be, in 
harmony with Nature. He will make the best of her, 
and she of him. They will get on together rarely ; she 
as his ev^r beneficent mother; he as her mouth-piece, 
her conscious self, her minister and interpreter. 

Where is such an education as this to be had ? 
Where is there any approximation to it ? Has any one 
tried to. found such an education ? Looking over the 
length and breadth of these islands, I am afraid that all 
these questions must receive a negative answer. Con- 
sider our primary schools, and what is taught in them. 
A child'iearns : — 

1. To read, write, and cipher, more or less well; but 
in a very large proportion of cases not so well as to take , 
pleasure in reading, or to be able to write the commonest 
letter properly. 

2. A quantity of dogmatic theology, of which the 
child, nine times out of ten, understands next to nothing. ^ 

3. Mixed, up with this, so as to seem to stand or fall 
with it, a few of the broadest and simplest principles of 
morality. This, to my mind, is much as if a man of 
science should make the story of the fall of the apple in 
Newton's garden, an integral part of the doctrine of 
gravitation, and teach it as of equal authority with the 
law of the inverse squares. 

4. A good deal of Jewish history and Syrian geo- 
graphy, and, perhaps, a little something about English 

d2 
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history and the geography of the child's own country. 
But I doubt if there is a primary school in England in 
which hangs a map of the hundred in which the village 
lies, so that the children may be practically taught by it 
what a map means. 

5. A certain amount of regularity, attentive obedience, " 
respect for others : obtained by fear, if the master be in- 
competent or foolish ; by love and reverence, if he be wise. 

So far as tliis school course embraces a training in 
the theory and practice of obedience to the moral laws 
of Nature, I gladly admit, not only that it contains a 
valuable educational element, but that, so far, it deals 
with the most valuable and important part of all educa- 
tion. Yet, contrast what is done in this direction with 
what might be done ; with the time given to matters of 
comparatively no importance ; with the absence of any 
attention to things of the highest moment; and one is 
tempted to think of Falstaff's bill and "the halfpenny 
worth of bread to all that quantity of sack." 

Let us consider what a child thus " educated " knows, 
and what it does not know. Begin with the most im- 
portant topic of all — morality, as the guide of conduct 
The child knows well enough that some acts meet with 
approbation and some with disapprobation. But it has 
never heard that there lies in the nature of things a 
reason for every moral law, as cogent and as well defined 
as that which underlies every physical law ; that stealing 
and lying are just as certain to be followed by evil 
consequences, as putting your hand in the fire, or jump- 
ing out of a garret window. Again, though the scholar 
may have been made acquainted, in dogmatic fashion, 
with the broad laws of morality, he has had no training 
in the application of those laws to the difHcult problems 
which result from the complex conditions of modem 
civilization. Would it not be very hard to expect any cue 
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to solve a problem in conic sections who had merely been 
tavight the axioms and definitions of mathematical science f 

A workman has to bear hard labour, and perhaps 
privation, while he sees others roUing in wealth, and 
feeding their dogs with what would keep his children 
from starvation. Would it not be well to have helped 
that man to calm the natural promptings of discontent 
by showing him, in his youth, the necessary connexion 
of the moral law which prohibits stealing with the 
stability of society — by proving to him, once for all, that 
it is better for his own people, better for himself, better 
for future generations, that he should starve than steal ? 
K you have no foundation of knowledge, or habit of 
thought, to work upon, what chance have you of persua- 
ding a hungry man that a capitalist is not a thief *^ with 
a circumbendibus ? " And if he honestly believes that, of 
what avail is it to quote the commandment against steal- 
ing, when he proposes to make the capitalist disgorge ? 

Again, the child learns absolutely nothing of the 
history or the political organization of his own country. 
His general impression is, that everything of much im- 
portance happened a very long while ago ; and that the 
Queen and the gentlefolks govern the country much 
after the fashion of King David and the elders and 
nobles of Israel — his sole models. Will you give a man 
with this much information a vote ? In easy times he 
sells it for a pot of beer. Why should he not ? It is of 
about as much use to him as a chignon, and he knows as 
much what to do with it, for any other purpose. In bad 
times, on the contrary, he applies his simple theory of 
government, and believes that his rulers are the cause of 
his sufierings — a belief which sometimes bears remark- 
able practical fruits. 

Least of all, does the child gather from this primary 
" education'* of ours a conception of the laws of the 
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physical world, or of the relations of cause and efiFect 
therein. And this is the more to be lamented, as the 
poor are especially exposed to physical evils, and are 
more interested in removing them than any other class 
of the commmiity. If any one is concerned in knowing 
the ordinary laws of mechanics one would think it is the 
hand-labourer, whose daily toil lies among lexers and 
pulleys ; or among the other implements of artisan work 
And if any one is interested in the laws of health, it is 
the poor workman, whose strength is wasted by iU-pre- 
pared food, whose health is sapped by bad ventilation and 
bad drainage, and half whose children are massacred by 
disorders which might be prevented. Not only does bur 
present primary education carefully abstain from hinting 
to the workman that some of his greatest evils are trace- 
able to mere physical agencies, which could be removed 
by energy, patience, and frugality ; but it does worse — 
it renders him, so far as it can, deaf to those who Could 
help him, and tries to substitute an Oriental submission 
to what is falsely declared to be the will of God; for his 
natural tendency to strive after a better condition. 

What Avonder then, if very recently, an appeal has 
been made to statistics for the profoundly foolish pur- 
pose of showing that education is of no good- — that it 
diminishes neither misery, nor crime, among the masses of 
mankind ? I reply, why should the thing which has 
been called education do either the one or the other 1 If 
I am a knave or a fool, teaching me to read and write 
won't make me less of either one or the other — ^unless 
somebody shows me how to put my reading and writing 
to wise and good purposes. 

Suppose any one were to argue that medicine is of no 
use, because it could be proved statistically, that the 
percentage of deaths was just the same, among people 
who had been taught how to open a medicine chest, and 
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among those who did not so much as know the key by 
sight The argument ie absurd; but it is not more 
preposterous than that against which I am contending. 
The only medicine for suSering, crime, and all the other 
woes of mankind, is wisdom. Teach a man to read and 
write, and you have put into his hands the great keys of 
the wisdom box. But it is quite another matter whether 
he ever opens the box or not. And he is as likely to 
poison as to cure himself, if, without guidance, he 
swallows the first drug that comes to hand. In these 
times a man may as well be purblind, as unable to read 
— lame, as unable to write. But I protest that, if I 
thought the alternative were a necessary one, I would 
rather that the children of the poor should grow up 
ignorant of both these mighty arts, than that they should 
remain ignorant of that knowledge to which these arts 
are means. 

It may be said that all these animadversions may 
apply to primary schools, but that the higher schools, at 
any rate, must be allowed to give a liberal education. 
In fact, they professedly sacrifice everything else to this 
object. 

Let us inquire into this matter. What do the higher 
schools, those to which the great middle class of the 
country sends it children, teach, over and above the in- 
struction given in the primary schools ? There is a little 
more reading and writing of English. But, for all that, 
every one knows that it is a rare thing to find a boy of 
the middle or upper classes who can read aloud decently, 
or who can put his thoughts on paper in clear and gram- 
matical (to say nothing of good or elegant) language. 
The " ciphering'' of the lower schools expands into 
elementary mathematics in the higher ; into arithmetic, 
with a little algebra, a little Euclid. But I doubt if 



one boy in five hundred has ever heard the explanation 
of a rule of arithmetic, or knows his Euclid otherwise 
than by rote. 

Of theology, the middle class schoolboy gets rather 
less than poorer children, less absolutely and less rela- 
tively, because there are so many other claims upon his 
attention. I venture to say that, in the great majority 
of cases, his ideas on this subject when he leaves school 
are of the most shadowy and vague description, and 
associated with painful impressions of the weary hours 
spent in learning collects and catechism by heart. 

Modern geography, modem history, modem literature ; 
the English language as a language ; the whole circle 
of the sciences, physical, moral, and social, are even 
more completely ignored in the higher than in the lower 
schools. Up till within a few years back, a boy might 
have passed through any one of the great public schools 
with the greatest distinction and credit, and might never 
so much as have heard of one of the subjects I have 
just mentioned. He might never have heard that the 
earth goes round the sun; that England underwent a 
great revolution in 1688, and France another in 1789; 
that there once lived certain notable men called Chaucer, 
Shakspeare, Milton, Voltaire, Goethe, Schiller. The first 
might be a German and the last an Englishman for any- 
thing he could tell you to the contrary. And as for 
science, the only idea the word would suggest to his 
mind would be dexterity in boxing. 

I have said that this was the state of things a few 
years back, for the sake of the few righteous who are 
to be found among the educational cities of the plain. 
But I would not have you too sanguine about the result, 
if you sound the minds of the existing generation of 
public schoolboys, on such topics as those I have 
mentioned. 
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Now let ITS pause to consider this wonderful state of 
affairs; for the time will come when Englishmen will 
quote it as the stock example of the stolid stupidity of 
their ancestors in the nineteenth century. The most 
thoroughly commercial people, the greatest voluntary 
wanderers and colonists the world has ever seen, are 
precisely the middle classes of this country. If there be 
a people which has been busy making history on the 
great scale for the last three hundred years — and the 
most profoundly interesting history — ^history which, if 
it happened to be that of Greece or Rome, we should 
study with avidity — it is the EnglisL K there be a 
people which, during the same period, has developed a 
remarkable literature, it is our own. If there be a 
nation whose prosperity depends absolutely and wholly 
upon their mastery over the forces of Nature, upon their 
intelligent apprehension of, and obedience to, the laws 
of the creation and distribution of wealth, and of the 
stable equilibrium of the forces of society, it is pre- 
cisely this nation. And yet this is what these wonderful 
people tell their sons : — " At the cost of from one to two 
thousand pounds of our hard earned money, we devote 
twelve of the most precious years of your Uves to school 
There you shall toil, or be supposed to toil ; but there 
you shall not learn one single thing of all those you will 
most want to know, directly you leave school and enter 
upon the practical business of life. You will in aU 
probability go into business, but you shall not know 
where, or how, any article of commerce is produced, or 
the difference between an export or an import, or the 
meaning of the word 'capital' You will very likely settle 
in a colony, but you shall not know whether Tasmania 
is part of New South Wales, or vice versd. 

" Very probably you may become a manufacturer, btit 
you shall not be provided with the means of under- 



standing the working of one of your own steam-engines, 
or the nature of the raw products you employ; and, 
when you are asked to buy a patent, you shall not have 
the slightest means of judging whether the inventor is 
an impostor who is contravening the elementary prin- 
ciples of science, or a man who will make you as rich 
as Croesus. 

" You will very likely get into the House of Commons. 
You will have to take your share in making laws which 
may prove a blessing or a curse to millions of men. 
But you shall not hear one word respecting the political 
organization of your country ; the meaning of the con- 
troversy between freetraders and protectionists shall 
never have been mentioned to you ; you shaD not so 
much as know that there are such things as economical 
laws. 

" The mental power which will be of most importance 
in your daily life will be the power of seeing things as 
they are without regard to authority ; and of drawing 
accurate general conclusions from particular facts. But 
at school and at college you shall know of no source of 
truth but authority ; nor exercise your reasoning faculty 
upon anything but deduction from that which is laid 
down by authority. 

" You will have to weary your soul with work, and 
many a time eat your bread in sorrow and in bitterness, 
and you shall not have learned to take refuge in the 
great source of pleasure without alloy, the serene resting- 
place for worn human nature, — the world ot art." 

Said I not rightly that we are a wonderful people? 
I am quite prepared to allow, that education entfrely 
devoted to these omitted subjects might not be a com- 
pletely liberal education. But is an education which 
ignores them all, a liberal education? Nay, is it too 
much to say that the education which shoiid embrace 
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these subjects and no others, would be a real educa- 
tion, though an incomplete one; while an educati<m 
which omits them is really not an education at 
all, but a more or less usefiil course of intellectual 
gymnastics ? 

For what does the middle-class school put in the place 
of all these things which are left out? It substitutes 
what is usually comprised under the compendious title 
of the " classics" — that is to say, the languages, the 
literature, and the history of the ancient Greeks and 
Romans, and the geography of so much of the world 
as was known to these two great nations of antiquity. 
Now, do not expect me to depreciate the earnest and 
enlightened pursuit of classical learning. I have not 
the least desire to speak ill of such occupations, nor 
any sympathy with those who run them down. On 
the contrary, if my opportunities had lain in that di- 
rection, there is no investigation into which I could 
have thrown myself with greater delight than that of 
antiquity. 

What science can jw^sent greater attractions than 
philology ? How can a lover of literary excellence fail 
to rejoice in the ancient masterpieces ? And with what 
consistency could I, whose business lies so much in the 
attemjft to decipher the past, and to build up intelligible 
forms out of the scattered fragments of long-extinct 
beings, fail to take a sympathetic, though an unlearned, 
interest in the labours of a Niebuhr, a Gibbon, or a 
Grote? Classical history is a great section of the pa- 
laeontology of man ; and I have the same double respect 
for it as for other kinds of palaeontology — that is to say, 
a respect for the facts which it establishes as for all 
facts, and a still greater respect for it as a preparation 
for the discovery of a law of progress. 
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But if the classics were taught as they might be 
taught — if boys and girls were instructed in Greek and 
Latin, not merely as languages, but as illustrations of 
philological science ; if a vivid picture of life on the 
shores of the Mediterranean, two thousand years ago, 
were imprinted on the minds of scholars; if ancient 
history were taught, not as a weary series of feuds and 
fights, but traced to its causes in such men placed under 
such conditions ; if, lastly, the study of the classical 
books were followed in such a manner as to impress boys 
with their beauties, and with the grand simplicity of 
their statement of the everlasting problems of human 
life, instead of with their verbal and grammatical pecu- 
liarities ; I still think it as little proper that they should 
form the basis of a liberal education for our contempo- 
raries, as I should think it fitting to make that sort of 
palaeontology with which 1 am familiar, the back-bone 
of modem education. 

It is wonderful how close a parallel to classical 
training could be made out of that palaeontology to which 
I refer. In the first place I could get up an osteological 
primer so arid, so pedantic in its terminology, so alto- 
gether distasteful to the youthful mind, as to beat the 
recent famous production of the head-masters out of 
the field in all these excellences. Next^ I could exercise 
i^y boys upon easy fossils, and bring out all their 
powers of memory and all their ingenuity in the applica- 
tion of my osteo-grammatical rules to the interpretation, 
or construing, of those fragments. To those who had 
reached the higher classes, I might supply odd bones 
to be built up into animals, giving great honour and 
reward to him who succeeded in fabricating monsters 
most entirely in accordance with the rules. That 
would answer to verse-making and essay-writing in 
the dead languages. 
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To be sure, if a great comparative anatomist were 
to look at these fabrications he might shake his head, 
or laugh. But what then ? Would such a catastrophe 
destroy the parallel? What think you would Cicero, 
or Horace, say to the production of the best sixth 
form going? And would not Terence stop his ears 
and run out if he could be present at an English per- 
formance of his own plays? Would Hamlet, in the 
mouths of a set of French actors, who should insist 
on pronouncing English after the fashion of their own 
tongue, be more hideously ridiculous ? 

But it will be said that I am forgetting the beauty, and 
the human interest, which appertain to classical studies. 
To this I reply that it is only a very strong man who 
can appreciate the charms of a landscape, as he is 
toiling up a steep hill, along a bad road. What with 
short-windedness, stones, ruts, and a pervading sense 
of the wisdom of rest and be thankful, most of us 
have little enoudi sense of the beautiful under these 
circumstances. The ordinary schoolboy is precisely in 
this case. He finds Parnassus uncommonly steep, and 
there is no chance of his havino* much time or inclination 
to look about him till he gets to the top. And nine 
times out of ten he does not get to the top. 

But if this be a fair picture of the results of classical 
teaching at its best — and I gather from those who 
have authority to speak on such matters that it is so — 
what is to be said of classical teaching at its worst, 
or in other words, of the classics of our ordinary middle- 
class schools?^ I will tell you. It means getting up 
endless forms and rules by heart. It means turning 
Latin and Greek into English, for the mere sake of 
being able to do it, and without the smallest regard 

* For a justification of what is here said about these schools, see that 
valuable book, " Essays on a Liberal Education," pcLSsim, 
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to the worth, or worthlessness, of the author read. It 
means the learning of innumerable, not always decent, 
fables in such a shape that the meaning they once had 
is dried up into utter trash ; and the only impression 
left upon a boy's mind is, that the people who believed 
such things must have been the greatest idiots the 
world ever saw. And it means, finally, that after a 
dozen years spent at this kind of work, the sufferer 
shall be incompetent to interpret a passage in an author 
he has not already got up ; that he shall loathe the 
sight of a Greek or Latin book ; and that he shall 
never open, or think of, a classical writer again, until, 
wonderful to relate, he insists upon submitting his 
sons to the same process. 

These be your gods, Israel ! For the sake of this 
net result (and respectability) the British father denies 
his children all the knowledge they might turn to 
account in life, not merely for the achievement of 
vulgar success, but for guidance in the great crises of 
human existence. This is the stone he offers to those 
whom he is bound by the strongest and tenderest ties 
to feed with bread. 

If primary and secondary education are in this un- 
satisfactory state, what is to be said to the universities ? 
This is an awful subject, and one I almost fear to 
touch with my unhallowed hands; but I can tell you 
what those say who have authority to speak. 

The Eector of Lincoln College, in his lately published, 
valuable " Suggestions for Academical Organization with 
especial reference to Oxford," tells us (p. 127) : — 

"The colleges were, in their origin, endowments, 
liot for the elements of a general liberal education, 
but for the prolonged study of special and professional 
faculties by men of riper age. The universities em- 



braced both these objects. The colleges, while they 
incidentally aided in elementary education, were specially 
devoted to the highest learning. .... 

" This was the theory of the middle-age university and 
the design of collegiate foundations in their origin. Time 
and circumstances have brought about a total change. 
The colleges no longer promote the researches of science, 
or direct professional study. Here and there college 
walls may shelter an occasional student, but not in 
larger proportions than may be found in private life. 
Elementary teaching of youths under twenty is now 
the only function performed by the university, and 
almost the only object of college endowments. Colleges 
were homes for the life-study of the highest and most 
abstruse parts of knowledge. They have become boarding 
schools in which the elements of the learned languages 
are taught to youths." 

If Mx. Pattison's high position, and his obvious love 
and respect for his university, be insuflScient to convince 
the outeide world that language so severe is yet no 
more than just, the authority of the Commissioners 
who reported on the University of Oxford in 1850 is 
open to no challenge. Yet they write : — 

" It is generally acknowledged that both Oxford and 
the country at large suffer gi*eatly from the absence of a 
body of learned men devoting their lives to the cultivation 
of science, and to the direction of academical education. 

" The fact that so few books of profoimd research 
emanate from the University of Oxford, materially 
impairs its character as a seat of learning, and con- 
sequently its hold on the respect of the nation." 

Cambridge can claim no exemption from the reproaches 
addressed to Oxford. And thus there seems no escape 
from the admission that what we fondly call our great 
seats of learning are simply "boardii^ schools' for 



bigger boys ; that learned men are not more numerous 
in tbem than out of them ; that the advancement of 
knowledge is not the object of fellows of colleges; 
that, in the philosophic calm and meditative stillness 
of their greenswarded courts, philosophy does not thrive, 
and meditation bears few fruits. 

It is my great good fortune to reckon amongst my 
friends resident members of both universities, who are 
men of learning and research, zealous cultivators of 
science, keeping before their minds a noble ideal of a 
university, and doing their best to make that ideal a 
reality ; and, to me, they would necessarily typify the 
universities, did not the authoritative statements I have 
quoted compel me to believe that they are exceptional, 
and not representative men. Indeed, upon calm con- 
sideration, several circumstances lead me to think that 
the Rector of Lincoln College and the Commissioners 
cannot be far wrong. 

I believe there can be no doubt that the foreigner 
who should wish to become acquainted with the scientific, 
or the literary, activity of modern England, would simply 
lose his time and his pains if he visited our universities 
with that object. 

And, as for works of profound research on any subject, 
and, above all, in that classical lore for which the 
universities profess to sacrifice almost everything else, 
why, a third-rate, poverty-stricken German university 
turns out more produce of that kind in one year, than 
our vast and wealthy foundations elaborate in ten. 

Ask the man who is investigating any question, pro- 
foundly and thoroughly — be it historical, philosophical, 
philological, physical, literary, or theological; who is 
trying to make himself master of any abstract subject 
(except, perhaps, political economy and geology, both 
of which are intensely Anglican sciences) whether he 



ifl DOt compelled to reud bait' a. dozen times as many 
German, as English, books? And whether, of these 
English books, more than one in ten is the work of 
a fellow of a college, or a professor of an English 
university 1 

Is this from any lack of power in the English as 
compared with the German mind ? The countrymen 
of Grote and of MUl, of Faraday, of Eobert Brown, 
of LyeU, and of Darwin, to go no further back than 
the contemporaries of men of middle age, can afford 
to smile at such a suggestion. England can show now, 
as she has been able to show in every generation since 
civilization spread over the West, individual men who 
hold their own against the world, and keep alivo the 
old tradition of her intellectual eminence. 

But, in the majority of cases, these men are what 
they are in virtue of their native intellectual force, and 
of a strength of character which will not recognise impedi- 
ments. They are not trained in the courts of the 
Temple of Science, but storm the walls of that edifice in 
all sorts of irregular ways, and with much loss of time 
and power, in order to obtain their legitimate positions. 

Our universities not only do not encourage such men ; 
do not offer them positions, in which it should be their 
highest duty to do, thoroughly, that which they are most 
capable of doing ; but, as far as possible, univeisity train- 
ing shuts out of tlie minds of those among them, who 
are subjected to it, the prospect that there is anything in 
the world for which they are specially fitted. Imagine 
the success of the attempt to still the intellectual hunger 
of any of the men I have mentioned, by putting before 
him, as the object of existence, the successful mimiciy 
of the measure of a Greek song, or the roll of Ciceronian 
prose ! Imagine how much success would be likely 
^o attend the attempt to persuade such men, that the 



education which leads to perfection in such elegancies 
is alone to be called culture; while the facts of history, 
the process of thought, the conditions of moral and 
social existence, and the laws of physical nature, are 
left to be dealt with as they may, by outside bar- 
barians ! 

It is not thus that the German universities, firom 
being beneath notice a century ago, have become what 
they are now — the most intensely cultivated and the 
most productive intellectual corporations the world has 
ever seen. 

The student who repairs to them sees in the list of 
classes and of professors a fair picture of the world 
of knowledge. Whatever he needs to know there is 
some one ready to teach him, some one competent to 
discipline him in the way of learning ; whatever his 
special bent, let him but be able and diligent, and in 
due time he shall find distinction and a career. Among 
his professors, he sees men whose names are known 
and revered throughout the civilized world ; and their 
living example injects him with a noble ambition, and a 
love for the spirit of work. 

The Germans dominate the intellectual world by 
virtue of the same simple secret as that which made 
Napoleon the master of old Europe. They have declared 
la carridre ouverte aux talents, and every Bursch 
marches with a professor's gown in his knapsack. Let 
him become a great scholar, or man of science, and 
ministers will compete for his services. In Germany, 
they do not leave the chance of his holding the office 
he would render illustrious to the tender mercies of a 
hot canvass, and the final wisdom of a mob of country 
parsons. 

In short, in Germany, the universities are exactly what 
the Eector of Lincoln and the Commissioners tell us the 



English universities are not ; that is to say, corporations 
" of learned men devoting their lives to the cultivation 
of soienee, and the direction of academical education." 
They are not "boarding schools for youths," nor clerical 
seminaries; but institutions for the higher culture oi 
men, in which the theological faculty is of no more 
impori^ince, or prominence, than the rest ; and wbich 
are truly "universities," since they strive to represent 
and embody the totality of human knowledge, and 
to find room for all forma of intellectual activity. 

May zealous and clear-headed refonners like Ifr. 
Pattison succeed in theii- noble endeavours to sbapo 
our universities towards some such ideal as this, without 
losing -what is valuable and distinctive in their social 
tone ! But until tbey have succeeded, a liberal education 
will be no more obtainable in our Oxford and Cambridge 
Universities than in our public schools. 

If I am justified in my conception of the ideal of a 

liberal education ; and if what I have said about the 

existing educational institutions of the country is also 

true, it is clear that the two have no sort of relation 

I to one another ; that the best of our schools and the 

h-^ost complete of our university trainings give but 

^a narrow, one-sided, and essentially illiberal education — 

while the woi-st give what is really next to no education 

at all. The South London Working-Men's College 

could not copy any of these institutions if it would. 

I am bold enough to express the conviction that it 

ought not if it could. 

For what is wanted is the reality and not the mere 

name of a liberal education ; and this College must 

steadily set before itself the ambition to be able to 

give that education sooner or later. At present we 

mtie but beginning, sharpening our educational tools, 

e2 



as it were, and, except a modicum of physical science, 
we are not able to offer much more thsm is to be found 
in an ordinary school. 

Moral and social science — one of the greatest and 
most fruitful of our future classes, I hope — ^at present 
lacks only one thing in our programme, and that is a 
teacher. A considerable want, no doubt; but it must 
be recollected that it is much better to want a teacher 
than to want the desire to learn. 

Further, we need what, for want of a better name, 
I must call Physical Geography. What I mean is that 
which the Grermans call " Erdkunde.*' It is a descrip- 
tion of the earth, of its place and relation to other 
bodies ; of its general structure, and of its great features 
— winds, tides, mountains, plains; of the chief forms 
of the vegetable and animal worlds, of the varieties 
of man. It is the peg upon which the greatest quantily 
of useful and entertaioing scientific information can be 
suspended. 

Literature is not upon the CoUege programme; but 
I hope some day to see it there. For literature is 
the greatest of all sources of refined pleasure, and one 
of the great uses of a liberal education is to enable 
us to enjoy that pleasure. There is scope enough for 
the purposes of liberal education in the study of the 
rich treasures of our own language alone. All that 
is needed is direction, and the cultivation of a refined 
taste by attention to sound criticism. But there is 
no reason why French and German should not be 
mastered sulEciently to read what is worth reading 
in those languages, with pleasure and with profit 

And finally, by-and-by, we must have History; 
treated not as a succession of battles and dynasties; 
not as a series of biographies; not as evidence that 
Providence has always been on the side of either Whigs 



or Tories; but as the development of man in times 
past, and in otLcr conditions than our own. 

But, as it is one of the principles of our College to 
be self-supporting, the public must lead, and we must 
follow, in these matters. If my hearers take to heart 
what I have said about liberal education, they will 
desire these things, and I doubt not we shall be able 
to supply them. But we must wait till the demand 
is made. 



IV. 

SCIENTIFIC EDUCATION: NOTES OF AN 
AFTER-DINNER SPEECH. 

[Mr. Thackeray, talking of after-dinner speeches, has lamented that 
"one never can recollect the fine things one thought of in the 
cab/' in going to the place of entertainment. I am not aware that 
there are any "fine things'' in the following pages, but such as 
there are stand to a speech which really did get itself spoken, at 
the hospitable table of the Liverpool Philomathic Society, more or 
less in the position of what " one thought of in the cab."] 

The introduction of scientific training into the general 
education of tlie country is a topic upon which I 
could not have spoken, without some more or less 
apologetic introduction, a few years ago. But upon 
this, as upon other matters, pubUc opinion has of late 
undergone a rapid modification. Committees of both 
Houses of the Legislature have agreed that something 
must be done in this direction, and have even thrown 
out timid and faltering suggestions as to what should 
be done ; while at the opposite pole of society, com- 
mittees of working-men have expressed their conviction 
that scientific training is the one thing needful for 
their advancement, whether as men, or as workmen. 
Only the other day, it was my duty to take part in 
the reception of a deputation of London working men, 
who desired to learn from Sir Roderick Murchison, the 
Director of the Royal School of Mines, whether the 
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organization of the Institution in Jermyn Street could 
be made available for the supply of that scientific 
instruction, the need of which could not have been 
apprehended, or stated, more clearly than it was by 
them. 

The heads of colleges in our great Universities (who 
have not the reputation of being the most mobile of 
persons) have, in several cases, thought it well that, 
out of the great number of honours and rewards at 
their disposal, a few should hereafter be given to the 
cultivators of the physical sciences. Nay, I hear that 
some colleges have even gone so far as to appoint one, 
or, may be, two special tutors for the purpose of putting 
the facts and principles of physical science before the 
undergraduate mind. And I say it with gratitude 
and great respect for those eminent persons, that the 
head masters of our public schools, Eton, Harrow, 
Winchester, have addressed themselves to the problem 
of introducing instruction in physical science among 
the studies of those great educational bodies, with 
much honesty of purpose and enlightenment of under- 
standing; and I five in hope that, before long, impor- 
tant changes in this direction will be carried into effect 
in those strongholds of ancient prescription. In fact, 
such changes have already been made, and physical 
science, even now, constitutes a recognised element of 
the school curriculum in Harrow and Eugby, whilst 
I understand that ample preparations for such studies 
are being made at Eton and elsewhere. 

Looking at these facts, I might perhaps spare myself 
the trouble of giving any reasons for the introduction 
of physical science into elementary education ; yet I 
cannot but think that it may be well, if I place before 
you some considerations which, perhaps, have hardly 
received full attention. 



55 S^ag Strmons, (Sssans, anir ^cbictos* [iv. 

At other times, and in other places, I have endeavoured 
to state the higher and more abstract arguments, by 
which the study of physical science may be shown 
to be indispensable to the complete training of the 
human mind; but I do not wish it to be supposed 
that, because I happen to be devoted to more or less 
abstract and "unpractical" pursuits, I am insensible 
to the weight which ought to be attached to that which 
has been said to be the English conception of Paradise 
— ** namely, getting on." I look upon it, that " getting 
on" is a very important matter indeed. I do not 
mean merely for the sake of the coarse and tangible 
results of success, but because humanity is so con- 
stituted that a vast number of us would never be 
impelled to those stretches of exertion which make 
us wiser and more capable men, if it were not for the 
absolute necessity of putting on our faculties all the 
strain they will bear, for the purpose of " getting on" 
in the most practical sense. 

Now the value of a knowledge of physical science 
as a means of getting on, is indubitable. There are 
hardly any of our trades, except the merely huckstering 
ones, in which some knowledge of science may not 
be directly profitable to the pursuer of that occupation. 
As industry attains higher stages of its development, 
as its processes become more complicated and refined, 
and competition more keen, the sciences are dragged 
in, one by one, to take their share in the fray ; and 
he who can best avail himself of their help is the man 
who will come out uppermost in that struggle for exist- 
ence, which goes on as fiercely beneath the smooth 
surface of modem society, as among the wild inhabit- 
ants of the woods. 

But, in addition to the bearing of science on ordinary 
practical life, let me direct your attention to its immense 



influence on several of the professions, I ask any one 
who has adopted the calling of an engineer, how much 
time he lost when he left school, because he had to 
devoti; himself to pursuits which were absolutely novel 
and strange, and of which he had not obtained the 
remotest conception from his instructors? He had 
to familiarize himself with ideas of the course and 
powers of Nature, to which his attention had never 
been directed during his school-life, and to learn, for 
the first time, that a world of facts lies outside and 
beyond the world of words. I appeal to those who 
know what Engineering is, to say how far I am right 
in respect to that profession ; but with regard to 
another, of no less importance, I shall venture to 
speak of my own knowledge. There is no one of 
us who may not at any moment be thrown, bound 
hand and foot by physical incapacity, into the hands 
of a medical practitioner. The chances of life and 
death for all and each of us may, at any moment, 
depend on the skill with which that practitioner is J 
able to make out what is wrong in our bodily frames, I 
and on his ability to apply the proper remedy to the 1 
defect 

The necessities of modem life are such, and the 
class from which the medical profession is chiefly 
recruited is so situated, that few medical men can hope 
to spend more than three or four, or it may be five, 
years in the pursuit of those studies which are imme- 
diately germane to physic How is that all too brief 
period spent at present ? I speak as an old examiner, 
having served some eleven or twelve years in that 
capacity in the Uclversity of London, and therefore 
having a practical acquaiutanee with the subject; 
but I might fortify myself by the authority of the 
I President of the College of Suvgcons, Mr. Quuin, whom 
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I heard the other day in an admirable address (the 
Hunterian Oration) deal fully and wisely with this very 
topic.^ 

A young man commencing the study of medicine is 
at once required to endeavour to make an acquaintance 
with a number of sciences, such as Physics, as Chemistiy, 
as Botany, as Physiology, which are absolutely and entireiy 
strange to him, however excellent his so-called education 
at school may have been. Not only is he devoid of all 
apprehension of scientific conceptions, not only does he 
fail to attach any meaning to the words "matter,* 
"force,'' or **law'' in their scientific senses, but, worse 
still, he has no notion of what it is to come into contact 
with nature, or to lay his mind alongside of a physical 
fact, and try to conquer it, in the way our great naval 
hero told his captains to master their enemies. His 
whole mind has been given to books, and I am hardly 
exaggerating if I say that they are more real to him 
than Nature. He imagines that all knowledge can be 
got out of books, and rests upon the authority of some 

^ Mr. Quain's words {Midi'nU Times and Gazdtt, Febraaiy 20) are :— " A 
few words as to our special Medical course of instruction and the influence 
upon it of such changes in the elementary schools as I have mentioned. The 
student now enters at once npon several sciences — physics, chemistry, anatomy, 
physiology, botany, pharmacy, therapeutics — all these, the fEicto and the 
language and the laws of each, to be mastered in eighteen months. Up to 
the beginning of the Medical coarse many have learned little. We cannot 
claim anything better than the Examiner of the University of London and 
the Cambridge Lecturer have reported for their Universities. Supposing that 
at school young people had acquired some exact elementary knowledge in 
physics, chemistry, and a branch of natural history — say botany — wim the 
physiology connected with it, they wo^ld then have gained necessary know- 
ledge, with some practice in inductive reasoning. The whole studies are 
processes of observation and induction — ^the best discipline of the mind fat 
the purposes of life — ^for our purposes not less than any. * By such study 
(says Dr. Whewell) of one or more departments of inductive scienoe the 
mind may escape from the thraldom of mere words.' By that plan the 
burden of the early Medical course would be much lightened, and more time 
devoted to practical studies, including Sir Thomas Watson's * final and supzems 
stage ' of the knowledge of Medicine." 
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master or other; nor does lie entertain any misgiving 
that the method of learning which led to proficiency 
in the rules of grammar, will suffice to lead him to a 
mastery of the laws of Nature. The youngster, thus 
unprepared for serious study, is turned loose among 
his medical studies, with the result, in nine cases out 
of ten, that the first year of his curriculum is spent 
in learning how to learn. Indeed, he is lucky, if at 
the end of the first year, by the exertions of his teachers 
and his own industry, he has acquired even that art of 
arts. After which there remain not more than three, 
or perhaps four, years for the profitable study of such 
vast sciences as Anatomy, Physiology, Therapeutics, 
Medicine, Surgery, Obstetrics, and the like, upon his 
knowledge or ignorance of which it depends whether 
the practitioner shall diminish, or increase, the bills of 
mortality. Now what is it but the preposterous con- 
dition of ordinary school education which prevents a 
young man of seventeen, destined for the practice of 
medicine, from being fully prepared for the study of 
nature ; and fjx)m coming to the medical school, equipped 
with that preliminary knowledge of the principles of 
Physics, of Chemistry, and of Biology, upon which he 
has now to waste one of the precious years, every 
moment of which ought to be given to those studies 
which bear directly upon the knowledge of his 
profession ? 

There is another profession, to the members of which, 
I think, a certain preliminary knowledge of physical 
science might be quite as valuable as to the medical 
man. The practitioner of medicine sets before himself 
the noble object of taking care of man's bodily welfare ; 
but the members of this other profession undertake to 
"minister to minds diseased,'* and, so far as may be, 
to diminish sin and soften sorrow. Like the medical 



profession, the clerical, of which I now speak, rests its 
power to heal upon its knowledge of the order of the 
universe — upon certain theories of man's relation to 
that which lies outside him. It is not my business to 
express any opinion about these theories. I merely 
wish to point out that, like all other theories, they are 
professedly based upon matter of fact Thus the clerical 
profession has to deal with the facts of Nature from a 
certain point of view ; and hence it comes into contact 
with that of the man of science, who has to treat the 
same facts from another point of view. You know how 
often that contact is to be described as collision, or 
violent friction; and how great the heat, how little 
the light, which commonly results from it. 

In the interests of fair play, to say nothing of those 
of mankind, I ask. Why do not the clergy as a body 
acquire, as a part of their preliminary education, some 
such tincture of physical science as will put them in 
a position to understand the difficulties in the way 
of accepting their theories, which are forced upon tite 
mind of every thoughtful and intelligent man, who has 
taken the trouble to instruct himself in the elements 
of natural knowledge? 

Some time ago I attended a large meeting of the 
clergy, for the purpose of delivering an address which 
I had been invited to give. I spoke of some of the 
most elementary facts in physical science, and of the 
manner in which they directly contradict certain of the 
ordinary teachings of the clergy. The result was, that, 
after I had finished, one section of the assembled eccle- 
siastics attacked me with all the intemperance of pious 
zeal, for stating facts and conclusions which no com- 
petent judge doubts ; while, after the first speakers had 
subsided, amidst the cheers of the great majority of their 
colleagues, the more rational minority rose to tell me 
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that I had taken wholly superfluous pains, that they 
already knew all about what I had told them, and 
perfectly agreed with rae. A hard-headed friend of 
mine, who was present, put the not unnatural question, 
"Then why don't you say so in your pulpits?" to 
which inquiry I heard no reply. 

In fact the clergy are at present divisible into three 
sections : an immense body who are ignorant and speak 
out ; a small proportion who know and are sUcnt ; 
and a minute minority who know and speak according 
to their knowledge. By the clergy, I mean especially 
the Protestant clergy. Our great antagonist — I speak 
as a man of science — the Roman Catholic Church, the 
one great spiritual organization which is able to resist, 
and must, as a matter of life and death, resist, the 
progress of science and modem civilization, manages 
her affairs much better. 

It was my fortune some time ago to pay a visit to 
one of the most important of the institutions in which 
the clergy of the Homan Catholic Church in these islands 
are trained ; and it seemed to me that the difference 
between these men and the comfortable champions of 
Anglicanism and of Dissent, was comparable to the 
difference between our gallant Vohmteera and the 
trained veterans of Napoleon's Old Guai'd. 

The Catholic priest is trained to know his business, 
and do it effectually. The professors of the college in 
question, learned, zealous, and determined men, per- 
mitted me to apeak frankly with them. We talked like 
outposts of opposed armies during a truce — as fi-iendly 
enemies ; and when I ventured to point out the diffi- 
culties their student-s would have to encounter from 
scientific thought, they replied : " Our Church has Listed 
many ages, and has passed safely through many storms, 
The present is but a new gust of the old tempest, and 
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we do not turn out our young men less fitted to weather 
it, than they have been, in former times, to cope with 
the difficulties ot those times. The heresies of the day 
are explained to them by their professors of philosophy 
and science, and they are taught how those heresies are 
to be met/' 

I heartily respect an organization which faces its 
enemies in this way; and I wish that all ecclesiastical 
organizations were in as effective a condition. I think 
it would be better, not only for them, but for us. The 
army of liberal thought is, at present, in very loose 
order; and many a spirited free-thinker makes use of 
his freedom mainly to vent nonsense. We should be 
the better for a vigorous and watchful enemy to hammer. 
us into cohesion and discipline ; and I, for one, lament 
that the bench of Bishops cannot show a man of 
the calibre of Butler of the "Analogy," who, if he 
were alive, would make short work of much of the 
current d priori *' infidelity." 

I hope you will consider that the arguments I have 
now stilted, even if there were no better ones, con- 
stitute a sufficient apology for urgiug the introduction 
of science into schools. The next question to which 
I have to address myself is. What sciences ought to be 
thus taught ? And this is one of the most important of 
questions, because my side (I am afraid I am a teixihly 
candid friend) sometimes spoils ita cause by going in 
for too much. There are other forms of culture beside 
physical science ; and I should be profoundly sony to 
see the fact forgotten, or even to observe a tendency to 
starve, or cripple, literary, or aesthetic, culture for the sake 
of science. Such a narrow view of the nature of educa- 
tion has nothing to do with my firm conviction that 
a complete and thorough scientific culture ought to be 



l-introduccd into all schools. By this, however, I do not 

Mean that every schoolboy should be taught everything 

1 science. That would be a very absurd thing to con- 

, and a very misebievous thing to attempt. What 

fl mean is, that no boy nor girl should leave school 

I without possessing a grasp of the general character of 

VBcience, and without having been disciplined, more or 

^ess, in the methods of all sciences ; bo that, when 

umed into the world to make their own way, they 

wiall be prepared to face scientific problems, not by 

Imowing at once the conditions of every problem, or 

by being able at once to solve It ; but by being familiar 

with the general current of scientific thought, and by 

being able to apply the methods of science in the 

proper way, when they have acquainted themselvea with 

the conditions of the special problem. 

That is what I understand by scientific education. 
To furnish a boy with such an education, it is by no 
means necessary that he should devote his whole school 
existence to physical science : in fact, no one would 
lament so one-sided a proceeding more than I. Nay 
more, it is not necessary for him to give up more than a 
moderate share of his time to such studies, if they be 
properly selected and arranged, and if he be trained in 
them in a fitting manner. 

I conceive the proper course to be somewhat as 
foEowa. To begin with, let every child be instructed in 
those general views of the phenomena of Nature for 
whicli we have no exact English name. The nearest 
approximation to a name for what I mean, which we 
possess, is " physical geography." The Germans have a 
lietter, " Erdkunde," ("earth knowledge" or "geology" 
in its etymological sense,) that is to say, a general know- 
ledge of the earth, and what is on it, in it, and about it 
If any one who has had cspeiience of the ways of young 



children will call to mind their questions, he will find 
that so far as they can be put into any scientific category, 
they come under this head of " Erdkunde/' The child 
asks, " What is the moon, and why does it shine?" 
" What is this water, and where does it run ? " " What 
is the wind ? " " What makes the waves in the sea ? " 
" Where does this animal live, and what is the use of 
that plant ? " And if not snubbed and stunted by being 
told not to ask foolish questions, there is no limit to the 
intellectual craving of a young child ; nor any bounds to 
the slow, but solid, accretion of knowledge and develop- 
ment of the thinking faculty in this way. To all such 
questions, answers which are necessarily incomplete, 
though true as far as they go, may be given by any 
teacher whose ideas represent real knowledge and not 
mere book learning ; and a panoramic view of Nature, 
accompanied by a strong infusion of the scientific habit 
of mind, may thus be placed within the reach of every 
child of nine or ten. 

After this preliminary opening of the eyes to the 
great spectacle of the daily progress of Nature, as the 
reasoning faculties of the child grow, and he becomes 
familiar with the use of the tools of knowledge — reading 
writing, and elementary mathematics — he should pass 
on to what is, in the more strict sense, physical science. 
Now there are two kinds of physical science : the one 
regards form and the relation of forms to one another; 
the other deals with causes and effects. In many of 
what we term our sciences, these two kinds are mixed 
up together; but systematic botany is a pure example 
of the former kind, and physics of the latter kind, of 
science. Every educational advantage which training 
in physical science can give is obtainable from the proper 
study of these two ; and I should be contented, for the 
present, if they, added to our " Erdkunde." furnished 
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the whole of the scientific curricnluiD. of school Indeed, 
I conceive it would be one of the greatest boons which 
could be conferred upon England, if henceforward every 
child in the country were instructed in the general 
knowledge of the things about it, in the elements 
of physics^ and of botany. But I should be still 
better pleased if there could be added somewhat of 
chemistry, and an elementary acquaintance with human 
physiology. 

So far as school education is concerned, I want to go 
no further just now ; and I believe that such instruction 
would make an excellent introduction to that preparatory 
scientific training which, as I have indicated, is so essen- 
tial for the successful pursuit of our most important pro- 
fessions. But this, modicum of instruction must be so 
given as to ensure real knowledge and practical discipline. 
If scientific education is to be dealt with as mere book- 
work, it will be better not to attempt it, but to stick to 
the Latin Grammar, which makes no pretence to be any- 
thing but bookwork 

If the great benefits of scientific training are sought, 
it is essential that such training should be real : that is 
to say, that the mind of the scholar should be brought 
into direct relation with fact, that he should not merely 
be told a thing, but made to see by the use of his own 
intellect and ability that the thing is so and no otherwise. 
The great pecuUarity of scientific training, that in virtue 
of which it cannot be replaced by any other discipline 
whatsoever, is this bringing of the mind directly into 
contact with fact, and practising the intellect in the 
completest form of induction ; that is to say, in drawing 
conclusions from particular facts made known by imme- 
diate observation of Nature. 

The other studies which enter into ordinary education 
do not discipline the mind in this way. Mathematical 
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training is almost purely deductive. The mathematician 
starts with a few simple propositioiia, the proof of which 
is 80 obvious that they are called self-evident, and the 
rest of his work consists of subtle deductions from them. 
The teaching of languages, at any rate as ordinarily 
practised, is of the same general nature, — authority and 
tradition furnish the data, and the mental operations of 
the scholar are deductive. 

Again : if history be the subject of study, the facts 
are still taken upon the evidence of tradition and au- 
thority. You cannot make a boy see the battle of 
ThermopylaB for himself, or know, of his own know- 
ledge, that Cromwell once ruled England. There ia no 
getting into direct contact with natural fact by this 
road ; there is no dispensing with authority, but rather a 
resting upon it. 

In all these respects, science differs from other edu- 
cational discipline, and prepares the scholar for commou 
life. What have we to do in every-day life ? Moat of 
the business which demands our attention is matter of 
fact, which needs, in the first place, to be accurately 
observed or apprehended ; in the second, to be inter- 
preted by inductive and deductive reasonings, which are 
altogether similar in their nature to those employed in 
science. In the one case, as in the other, whatever is 
taken for granted is so taken at one's own peril ; fact 
and reason are the ultimate arbiters, and patience and 
honesty are the great helpers out of difhcuity. 

But if scientific training is to yield its most eminent 
results, it must, I repeat, be made practical. That is to 
say, in explaining to a child the general phfenomena of 
Nature, you must, as far as possible, give reality to your 
teaching by object-lessons ; in teaching him botany, he 
must handle the plants and dissect the flowers for nim- 
self ; in teaching hirri physics and chemistry, you must 
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not be solicitous to fill him with information, but you 
must be careful that what he learns he knows of his own 
knowledge. Don't be satisfied with telling him that a 
magnet attracts iron. Let him see that it does ; let him 
feel the pull of the one upon the other for himself. And, 
especially, tell him that it is his duty to doubt until he 
is compelled, by the absolute authority of Nature, to 
believe that which is written in books. Pursue this 
discipline carefully and conscientiously, and you may 
make sure that, however scanty may be the measure of 
information which you have poured into the boy's mind, 
you have created an intellectual habit of priceless value 
in practical life. 

One is constantly asked, YThen should this scientific 
education be commenced ? I should say with the dawn 
of intelligence. As I have already said, a child seeks 
for information about matters of physical science as 
soon as it begins to talk. The first teaching it wants 
is an object-lesson of one sort or another ; and as soon 
as it is fit for systematic instruction of any kind, it is fit 
for a modicum of science. 

People talk of the difficulty of teaching young 
children such matters, and in the same breath insist 
upon their learning their Catechism, which contains 
propositions far harder to comprehend than anything 
in the educational course I have proposed. Again: I 
am incessantly told that we, who advocate the intro- 
duction of science into schools, make no allowance for 
the stupidity of the average boy or girl; but, in my 
belief, that stupidity, in nine cased out of ten, "^^, non 
nascitur," and is developed by a long process of parental 
and pedagogic repression of the natuml intellectual ap- 
petites, accompanied by a persistent attempt to create 
artificial ones for food which is not only tasteless, but 
essentially indigestible. 

92 



Those who urge the difficulty of instructing young 
people in science are apt to forget another very im- 
portant condition of success — important in all kinds of 
teaching, but most essential, I am disposed to think, 
when the scholars are very young. This condition is, 
that the teacher should himself really and practically 
know liis subject If he does, he will be able to speak 
of it in the easy language, and with the completeness 
of conviction, with which he talks of any ordinary 
every-day matter. If he does not, he will be afraid to 
wander beyond the limits of the technical phraseology- 
which he has got up ; and a dead dogmatism, which 
oppresses, or raises opposition, will take the place of 
the lively confidence, bom of personal conviction, which 
cheers and encourages the eminently sympathetic mind 
of childhood. 

I have ab'eady hinted that such scientific training a»' 
we seek for may be given without making any extra- 
vagant claim upon the time now devoted to education. 
We ask only for " a most favoured nation " clause in our 
treaty with the schoolmaster ; we demand no more than 
that science shall have as much time given to it as any 
other single subject — say four hours a week in each class' 
of an ordinary school. 

For the present, I think men of science would be well 
content with such an arrangement as this ; but speaking, 
for myself, I do not pretend to believe that such an,- 
arrangement can be, or wUl be, permanent In these 
times the educational tree seems to me to have its roots; 
in the air, its leaves and flowers in the ground ; and, I' 
confess, I should very much like to turn it upside down^, 
BO that its roots might be solidly embedded among thei 
facts of Nature, and draw thence a sound nutriment 
for the foliage and fruit of literature and of art. No 
cdvujiaional system can h:ive a claim to permanencBj 



unless it recognizes the truth, that education has two 
great ends to which everything else must be subordinated. . 
The one of these is to increase knowledge ; the other is / 
to develop the love of right and the hatred of wrong. 

"With wisdom and nprightness a nation can make its 
way worthily, and beauty will follow in the footsteps of 
the two, even if she be not specially invited ; while tiere 
is perhaps no sight in the whole world more saddening 
and revolting than is offered by men sunk in ignorance 
of everything but what other men have written ; seem- 
ingly devoid of moral belief or guidance ; but with the 
sense of beauty so keen, and the power of expression so 
cultivated, that their sensual caterwauling may be almost 
mistaken for the music of the spheres. 

At present, education is almost entirely devoted to the 
cultivation of the power of expression, and of the sense of 
literary beauty. The matter of having anything to say, 
beyond a hash of other people's opinions, or of possess- 
ing any criterion of beauty, so that we may distinguish 
between the Godlike and the devilish, is left aside aa o( 
no moment. I think I do not err in saying that if 
science were made the foundation of education, instead 
of being, at most, stuck on as cornice to the edifice, this 
state of things could not exist. 

In advocating the introduction of physical science 
OS a leading element in education, I by no means refer 
only to the higher schools. On the contrary, I beUeve 
that such a change is even more imperatively called for 
in those primary schools, in which the children of the 
poor are expected to turn to the best account the little 
time they can devote to the acquisition of knowledge. 
A great step in this direction has ah'eady been made 
by the establishment of science-classes under the De- 
partment of Science and Art, — a measure which came 
—nto existence unnoticed, but which will, I beliuve, tmn 



'^^ ^as .Sermons, (fssajs, anb Stbutos. [iv. 

out to be of more impi.^rtance to the welfare of the 
people, than many political changes^ over which the 
noise of battle has rent the air. 

Under the regulations to which I refer, a schoolmaster 
can set up a class in one or more branches of science; 
his pupils will be examined, and the State will pay him, 
at a certain rate, for all who succeed in passing. I 
have acted as an examiner under this sjrstem fit>m the 
beginning of its establishment, and this year I expect 
to have not fewer than a couple of thousand sete of 
answers to questions in Physiology, mainly from young 
people of the artisan class, who have been taught in 
the schools which are now scattered all over Great 
Britain and Ireland. Some of my colleagues, who have 
to deal with subjects such iis Geometry, for which the 
present teaching power is better organized, I under- 
stand are likely to have three or four times as many 
papers. So far as my own subjects are concerned, I can 
undertake to say that a great deal of the teaching, the 
results of which are before me in these examinations, is 
very sound and good ; and I think it is in the power of 
the examiners, not only to keep up the present standard, 
but to cause an almost unlimited improvement Now 
what does this meani It means that by holding out 
a very moderate inducement, the masters of primary 
schools in many parts of the country have been led to 
convert them into little foci of scientific instruction ; and 
that they and their pupils have contrived to find, or to 
make, time enough to carry out this object with a very 
considerable degree of efficiency. That efficiency will, 
I doubt not, be very much increased as the system 
becomes known and perfected, even with the very 
limited leisure left to masters and teachers on week- 
days. And this leads me to ask, Why should scientific 
teaching be limited to week-days? 
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Ecclesiastically-iniiided persons are in the habit of 
calling things they do not like by very hard names, and 
I should not wonder if they brand the proposition I 
am about to make as blasphemous, and worse. But, 
not minding this, I venture to ask. Would there really be 
anything wrong in using part of Sunday for the purpose 
of instructing those who have no other leisure, in a 
knowledge of the phsenomena of Nature, and of man's 
relation to Nature ? 

I should like to see a scientific Sunday-school in every 
parish, not for the purpose of superseding any existing 
means of teaching the people the things that are for 
their good, but side by side with them. I cannot but 
think that there is room for all of us to work in helping 
to bridge over the great abyss of ignorance which lies 
at our feet. 

And if any of the ecclesiastical persons to whom I 
have referred, object that they find it derogatory to the 
honour of the God whom they worship, to awaken the 
minds of the young to the infinite wonder and majesty 
of the works which they proclaim His, and to teach 
them those laws which must needs be His laws, and 
therefore of all things needful for man to know — I can 
only recommend them to be let blood and put on low 
diet There must be something very wrong going on 
in the instrument of logic, if it turns out such conclu- 
sions firom such premises. 



V. 

ox THE EDUCATIONAL VALUE OF THE 
NATURAL HISTORY SCIENCEa 

The subject to which I have to beg your attention 
during the ensuing hour is " The Relation of Physio- 
logical Science to other branches of Knowledge/' 

Had circumstances permitted of the delivery, in 
their strict logical order, of that series of discourses 
of which the present lecture is a member, I should 
have preceded my friend and colleague Mr. Henfrey, 
who addressed you on Monday last; but while, for 
the sake of that order, I must beg you to suppose that 
this discussion of the Educational bearings of Biology 
in general does precede that of Special Zoology and 
Botany, I am rejoiced to be able to take advantage of 
the light thus already thrown upon the tendency and 
methods of Physiological Science. 

Regarding Physiological Science, th^ in its widest 
sense — as the equivalent of Biology — the Science of 
Individual Life — we have to consider in succession : 

1. Its position and scope as a branch of knowledge. 

2. Its value as a means of mental discipline. 

3. Its worth as practical information. 
And lastly, 

4. At what period it may best be made a branch of 
Education. 
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Our conclusions on the first of these heads must 
depend, of course, upon the nature of the subject- 
matter of Biology; and I think a few preliminary- 
considerations wiU place before you in a clear light 
the vast difierence which exists between the living 
bodies with which Physiological science is concerned, and 
the remainder of the universe ; — between the phsenomena 
of Number and Space, of Physical and of Chemical force, 
on the one hand, and those of Life on the other. 

The mathematician, the physicist, and the chemist 
contemplate things in a condition of rest; they look 
upon a state of equilibrium as that to which all bodies 
normally tend. 

The mathematician does not suppose that a quantity 
will alter, or that a given point in space will change 
its direction with regard to another point, sponta- 
neously. And it is the same with the physicist. When 
Newton saw the apple fall, he concluded at once that 
the act of falling was not the result of any power 
inherent in the apple, but that it was the result of the 
action of something else on the apple. In a similar 
manner, all physical force is regarded as the disturbance 
of an equilibrium to which things tended before its 
exertion, — to which' they will tend again after its 
cessation. 

The chemist equally regards chemical change in a 
body, as the efiect of the action of something external 
to the body changed. A chemical compound once formed 
would persist for ever, if no alteration took place in 
surrounding conditions. 

But to the student of Life the aspect of Nature is 
reversed. Here, incessant, and, so far as we know, 
spontaneous change is the rule, rest the exception — 
the anomaly to be accounted for. Living things have 
no inertia, and tend to no equilibrium. 
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Permit me, however, to give more foite and elearneBa 
to these somewhat abstract conaiderations, by an illustra- 
tion or two. 

Imagine a vessel full of water, at the ordinary tem- 
perature, in an atmosphere saturated with vapour. The 
quantity and the figure of that water will not change, 
so far as we know, for ever. 

Suppose a lump of gold be thrown into the vessel- 
motion and disturbance of figure exactly proportional 
to the momentum of the gold will take place. But after 
a time the efiecta of this disturbance will subside— < 
equUibrium wiH be restored, and the water will retuni 
to its passive state. 

Expose the water to cold — it will solidify — and in so 
doing its particles will arrange themselves in definite 
crystalline shapes. But once formed, these ciystals 
change no further. 

Again, substitute for the lump of gold some substance 
capable of entering into chemical relations with the 
water : — say, a mass of that substance which is called 
" protein" — the substance of flesh : — a very consideralder 
disturbance of equilibrium will take place — all sorts o£J 
chemical compositions and decompositions will occii£ 
but in the end, as before, the result will he the resi 
tion of a condition of rest. 

Instead of such a mass of dead protein, however, 
take a particle of living protein — one of those minutfi 
microscopic living things which thi'ong our pools, and 
are known as Infueoria — such a creature, for instance, i 
an Euglena, and place it in our vessel of water. It is 
round mass provided with a long filament, and except 
in this peculiarity of shape, presents no appreciaU« 
physical or chemical difi'erence whereby it might be 
distinguished from the particle of dead protein. 

But the difference in the phtenomena to which 
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will give rise is immense: in the first place it will 
develop a vast quantity of physical force — cleaving 
the water in all directions with considerable rapidity 
by means of the vibrations of the long filament or 
ciliunL 

Nor is the amonnt of chemical energy which the little 
creature possesses less striking. It is a perfect laboratory 
in itself, and it will act and react upon the water and 
the matters contained therein ; converting them into new 
compounds resembling its own substance, and at the 
same time giving up portions of its own substance which 
have become effete. 

Furthermore, the Euglena will increase in size ; but 
this increase is by no means unlimited, as the increase 
of a crystal might be. After it has grown to a certain 
extent it divides, and each portion assumes the form of 
the original, and proceeds to repeat the process of growth 
and division. 

Nor is this all. For after a series of such divisions 
and subdivisions, these minute points assume a totally 
new form, lose their long tails — ^round themselves, and 
secrete a sort of envelope or box, in which they remain 
shut up for a time, eventually to resume, dii'cctly or 
indirectly, their primitive mode of existence. 

Now, so far as we know, there is no natural limit to 
the existence of the Euglena, or of any other living germ. 
A living species once launched into existence tends to 
live for ever. 

Consider how widely different this living particle is 
from the dead atoms with which the physicist and 
chemist have to do! 

The particle of gold falls to the bottom and rests — 
the particle of dead protein decomposes and disappears — 
it also rests : but the living protein mass neither tends 
to exhaustion of its forces nor to any permanency of 
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fona, but is essentially diPtinguished as a disturber 
of equilibrium so far aa force is concerned, — as under- 
going continual metamorphosis and change, in point of 
form. 

Tendency to equilibrium of force and to permanency 
of foiTQ, then, are the characters of that portion of the 
universe which does not live — the domain of the chemist 
and physicist 

Tendency to disturb existing equilibrium — ^to take on 
forma which succeed one another in definite cycles — is 
the character of the living world. 

What is the cause of this wonderful difference between 
the dead particle and the living particle of matter 
appearing in other respects identical l that difference 
to which we give the name of Life ? 

I, for one, cannot tell you. It may be that, by and 
by, phdosopbers will discover some higher laws of which 
the facts of life are particular cases — very possibly they 
will find out some bond between physico-chemical 
phfenomena on the one hand, and idtal ph^enomena 
on the other. At present, however, we assuredly know 
of none; and 1 think we shall exercise a wise humility 
in confessing that, for us at least, this successive assump- 
tion of different states — (external conditions remainingi 
the same) — this spontaneity of action — if I may use 
a term which implies more than I would be answerable.' 
for — which constitutes so vast and plain a practical^ 
distinction between living bodies and those which dof 
not live, is an ultimate fact ; indicating as such, thas 
existence of a broad line of demarcation between thi 
subject-matter of Biological and that of all other seieneeak 

For I would have it understood that this simple^ 
Euglena is the i^'pe of all living things; so far as thft; 
distinction between these and inert matter is concerned. 
That cycle of changes, which is constituted by perhaps 
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not more than two or three steps in the Euglena, is 
as clearly manifested in the multitudinous stages through 
which the germ of an oak or of a man passes. What- 
ever forms the Living Being may take on, whether 
simple or complex, production, growth, reproduction, 
are the phsenomena which distinguish it from that 
which does not live. 

If this be true, it is clear that the student, in passing 
from the physico-chemical to the physiological sciences, 
enters upon a totally new order of facts ; and it will 
next be for us to consider how far these new facts 
involve new methods, or require a modification of those 
with which he is already acquainted. Now a great 
deal is said about the peculiarity of the scientific method 
in general, and of the different methods which are 
pursued in the different sciences. The Mathematics 
are said to have one special method; Physics another. 
Biology a third, and so forth. For my own part, I 
must confess that I do not imderstand this phraseology. 

So far as I can arrive at any clear comprehension 
of the matter. Science is not, as many would seem to 
suppose, a modification of the black art, suited to the 
tastes of the nineteenth century, and flourishing mainly 
in consequence of the decay of the Inquisition. 

Science is, I believe, nothing but trained and orga- 
nized common sense, differing from the latter only as 
a veteran may differ from a raw recruit : and its methods 
differ from those of common sense only so far as the 
guardsman's cut and thrust differ from the manner 
in which a savage wields his club. The primary power 
is the same in each case, and perhaps the untutored 
savage has the more brawny arm of the two. The 
real advantage lies in the poiut and polish of the 
swordsman's weapon; in the trained eye quick to spy 
out the weakness of the adversary ; in the ready hand 
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prompt to follow it on the instant But, after ai], tlie 
3word exercise is only the hewing and poking of tie 
clubman developed and perfected. 

So, the vast results obtained by Science are won 
by no mystical faculties, by no mental processes, other 
than those which are practised by every one of us, 
in the humblest and meanest affairs of life. A detective 
policeman discovers a burglar from the marks made 
by his shoe, by a mental process identical with that 
by which Cuvier restored the extinct animals of Mont- 
martre from fragments of their bones. Nor does that 
process of induction and deduction by which a lady, 
finding a stain of a peculiar kind upon her dress, con- 
cludes that somebody has upset the inkstand thereon, 
differ in any way, in kind, from that by which Adana 
and Leverrier discovered a new planet. 

The man of science, in fact, simply usee witii scru- 
pulous exactness, the methods which we all, habitually 
and at every moment, use carelessly ; and the man 
of business must as much avail himself of the scientific 
method — must be as truly a man of science — as the 
veriest bookworm of us all ; though I have no doubt 
that the man of business will find himself out to he ft 
philosopher with as much surprise as M. Jourdaitt 
exhibited, when he discovered that he had been all 
his life talking prose. If, however, there be no re^ 
difference between the methods of science and those 
of common life, it would seem, on the face of the 
matter, highly improbable that there should be 
difference between the methods of the different sciei 
nevertheless, it is constantly taken for granted, thi 
there is a very wide difference between the Physiologii 
and other sciences in point of method. 

In the first place it is said — and I take this poinj 
first, because the imputation is too frequently admitted.' 



by Physiologists themselves — that Biology diifers from 
the Physico-chemical and Mathematical sciencea in 
being "iiiexact," 

Now, this phrase " inexact " must refer either to the 
methods or to the results of Physiological science. 

It cannot be correct to apply it to the methods ; for, 
as I hope to show you by and by, these are iden- 
tical in all sciences, and whatever is true of Physiological 
method is true of Physical and Mathematical method. 

Is it then the results of Biological science which are 
" inexact " ? I think aot If I say that respiration is 
performed by the lungs ; that digestion is effected in the 
stomach ; that the eye is the organ of sight ; that the 
jaws of a vertebrated animal never open sideways, but 
always up and down ; whde those of an annulose animal 
always open sideways, and never up and down^I am 
enumerating propositions which are as exact as anything 
in EucHd. How then has this notion of the inexactness 
of Biological science come about? I believe fi'om two 
causes : tirst, because, in consequence of the great com* 
plexity of the science and the multitude of interfering 
conditions, we are very often only enabled to predict 
approximately what will occur under given circum- 
st^ces ; and secondly, because, on aceoiint of the com- 
parative youth of the Physiological sciences, a great 
many of their laws are still imperfectly worked out. 
But, in an educational point of view, it is most important 
to distinguish between the essence of a science and 
the accidents which surround it ; and essentially, the 
methods and results of Physiology are as exact as those 
of Physics or Mathematics. 

It is said that the Physiological method is especially 
cOTivparative ^ ; and this dictum also finds favour in the 

• " In the third plnce, we have to review the method of Compiriaon, which 
is so specioU; adapted to the stud; of living bodies, and b; which, above all 



eyes of many. I should be sorry to suggest that the 
speculators on scientific classification have been misled 
by the accident of the name of one leading branch of 
Biology — CompaiXLtive Anatomy ; but I would ask 
whether comparison^ and that classification which is the 
result of comparison, are not the essence of every science 
whatsoever ? How is it possible to discover a relation of 
cause and effect of any kind without comparing a series 
of cases together in which the supposed cause and effect 
occur singly, or combined? So far from comparison 
being in any way peculiar to Biological science, it is, 
I think, the essence of every science, 

A speculative philosopher again tells us that the 
Biological sciences are distinguished by being sciences 
of obser\''ation and not of experiment ! ^ 

Of all the strange assertions into which speculation 
without practical acquaintance with a subject may lead 
even an able man, I think this is the very strangest 
Physiology not an experimental science 1 Why, tinere 

others, that study mast be advanced. In Astronomy, this method is neces- 
sarily inapplicable ; and it is not till we arrive at Chemistry that this third 
means of investigation can be used, and then only in subordination to tha 
two others. It is in the study, both statical and dynamical, of living bodies 
that it first acquires its faU development ; and its use elsewhere can be only 
through its application here." — Comte's Fositi/ve PhiLosophy^ translated by 
Miss Martineau. VoL L p. 372. 

By what method does M. Comte suppose that the equality or inequality of 
forces and qunn titles and the dissimilarity or similarity of forms — points of 
some slight importance not only in Astronomy and JPhysics, but even in 
Mathematics — are ascertained, if not by Comparison ? 

^ "Proceeding to the second class of means, — ^Enperiment cannot but be 
less'and less decisive, in proportion to the complexitv of the phsQnomena to be 
explored ; and therefore we saw this resource to be less effectual in dhemistiy 
tlian in physics : and we now find that it is eminently useful in chemistry in 
comparison with physiology. In fcust, the nature of the phamamena seemt to 
offer almost insurmountahle impediments to any extensive and prolific ofpplioo-' 
tion of such a 2yrocedure in biology" — Comte, voL L p. 367. 

M. Comte, as his manner is, contradicts himself two pages further on, but 
that will hardly relieve him from the responsibility of such a paragraph as 
the above. 
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I not a function of a single organ in the body which has 
(ot been determined wholly and solely by experiment 
Bow did Harvey determine the nature of the cireulatioD, 
'acept by experiment? How did Sir Charles Bell de- 
nine the fiinctions of the roots of the spinal nerves, 
tfcve by experiment ? How do we know the use of a 
lerve at all, except by experiment ? Nay, how do you 
DOW even that your eye is your seeing apparatus, unless 
fcou make the experiment of shutting it ; or that your 
"s your hearing apparatus, unless you close it up and 
hereby discover that you become deaf? 

It woold really be much more true to say that Phy- 
' ' ^/ is the experimental science par excellence of all 
fences ; that in which there is least to be leamt by 
"lere observction, and that which aflords the greatest 
dd for the exercise of those faculties which chai-acterise 
be experimental philosopher. I eonfL'ss, if any one 
3 to ask me for a model application of the logic of 
Kperiment, I should know no better work to put into 
■' I hands than Bernard's late Eesearches on the Func- 
tons of the Liver.' 

Not to give this lecture a too controversial tone, how- 
!ver, I must only advert to one more doctrine, held by a 
thinker of our own age and countryj whose opinions are 
worthy of all respect. It is, that the Biological sciences 
differ from all others, inasmuch as in them classification 
takes place by type and not by definition.^ 

1 "NonveUe Fonction dtt Fnie conaiili^r^ comma or(pna producfem d« 
matifire aucree ahei J'Homme et lea Animauu," par M. Claude Bernard. 

* " Jfalural Grov-pi given by Type, not ty Definition Theclaaais 

rteadilj fixed, thongh not preciaely limited ; it is given, though not circum- 
tcribed ; it is determined, not by a boundary-line without, but by a central 

Kint within ! notby whut it Btrictlyexdudes, biit what it eminently includes; 
an example, not by a precept ; in short, instead of Definition we hiive a 
Type for our director. A type is an example of any okas, for inatiince, a 
■pecies of a genua, which is considered as eminently poEseasing the characteia 
<f t^e daaa. A21 the speciea which hiive a greater aSioity with thJa type* 
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It ig said, in short, tliat a natural-history class is not 
capable of being defined — that the cLijs Rosacese, for 
instance, or the clasa of Fiahes, is not accurately and 
absolutely definable, inasmuch an its members will pre- 
sent exceptions to every possible definition ; and that 
the members of the class are united together only by 
the circumstance that they are all more lite some 
imaginary average rose or average fish, than they 
resemble anything else. 

But here, as before, I think the distinction has arisen 
entirely from confusing a transitory imperfection with 
an essential character. So loDg as our information con- 
cerning them is imperfect, we class all objects together 
according to resemblancec which we feel, but cannot: 
define ; we group them round types, in short. Thus, 
if you ask an ordinary pcrsun what kinds of animalfl 
there are, he will probably Siiy, beasts, birds, reptiles, 
fishes, insects, &c. Ask huu to define a beast from a 
reptile, and he cannot do it ; but he says, things like 
a cow or a horse are beasts, and things like a frog or a 
Hzard are reptiles. You see he does class by type, and 
not by definition. But how does this classification differ 
from that of the scientific Zoologist 1 How does the 
meaning of the scientific class-name of "Mammalia" 
differ from the unscientific of "Beasts"? 

Why, exactly because the former depends on a, defi- 
nition, the latter on a type. The class Mammalia is 
scientifically defined aa "all animals which have a ver- 
tebrated skeleton and suckle theii' young." Here is no 
reference to type, but a definition rigorous enougt for a 
geometrician. And such is the character which every 
scientific naturalist recognises as that to which his classes 

species than with any others, fnnu the geoas, and are ranged about % 
deviating from it in various directione and difforotit dejreea," — Whewblu 
Tht fhiloiophy of tkt Inductive Sciences, vol. i. pp. 476, 477. 
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must aspire — knowing, as lie does, that classification by 
type is simply an acknowledgment of ignorance and a 
temporary device. 

So much in the way of negative argument as against 
the reputed differences between Biological and other 
methods. No such differences, I believe, really exist. 
The subject-matter of Biological science is different 
from that of other sciences, but the methods of all are 
identical ; and these methods are— 

1. Observation of facts — ^including UDder this head 
that artificial observation which is called experiment 

2. That process of tjdng up similar facts into bundles, 
ticketed and ready for use, which is called Comparismi 
and Classification^ — ^the results of the process, the 
ticketed bundles, being named General propositions. 

3. Deduction, which takes us from the general pro- 
position to facts again — teaches us, if I may so say, to 
anticipate from the ticket what is inside the bundle. 
And finally — 

4. Verification, which is the process of ascertaining 
whether, in point of fact, our anticipation is a correct 
one. 

Such are the methods of all science whatsoever ; but 
perhaps you will permit me to give you an illustration 
of their employment in the science of Life ; and I will 
take as a special case, the establishment of the doctrine 
of the Circulation of the Blood. 

In this case, simple observation yields us a knowledge 
of the existence of the blood from some accidental 
haemorrhage, we will say : we may even grant that it 
informs us of the localization of this blood in particular 
vessels, the heart, &c., from some accidental cut or the 
like. It teaches also the existence of a pulse in various 
parts of the body, and acquaints us with the structure of 
the heart and vessels^ 

02 



Here, however, simple observation etopa^ and we 
must have recourse to experiment. 

You tie a vein, and you find that the blood accumu- 
lates on the side of the ligature opposite the heart. You 
tie an artery, and you find that the blood accumulates 
on the side near the heart. Open the chest, and you 
see the heart contracting with great force. Make opeih 
ings into its principal cavities, and you will find that 
all the blood flows out, and no more pressure is exerted 
on either side of the arterial or venous ligature. 

Now all these facts, taken together, constitute the 
evidence that the blood is propelled by the heart through 
the arteries, and returns by the veins — that, in shorty the 
blood circulates. 

Suppose our experiments and observations have been 
made on horses, then we group and ticket them into a 
general proposition, thus : — all horses have a circulation 
of their bhocL 

Henceforward a horse is a sort of indication or labd, 
telling us where we shall find a peculiar series of phe- 
nomena called the circulation of the blood. 

Here is our general proposition, then. 

How, and when, are we justified in making our next 
step — a deduction from it 1 

Suppose our physiologist, whose experience is limited 
to horses, meets with a zebra for the first time, — will he 
suppose that this generalization holds good for zebras 
also? 

That depends very much on his turn of mind. But 
we will suppose him to be a bold man. He will say, 
" The zebra is certainly not ti horse, but it is very like 
one, — so like, that it must be the * ticket ' or mark of a 
blood-circulation also; and, I conclude that the zefan 
has a circulation." 

That is a deduction, a very fair deduction, but by no 



means to be considered scientifically secure. This last 
qua,!ity in fact can only be given by verification — that 
Ib, Iiy making a zebra the subject of all the experiments 
peribrmed on the horse. Of course, in the present case, 
the deduction would be corifinned by this process of 
verification, and the result would be, not merely a 
pcsitive wjclening of knowledge, but a fair increase of 
confidence in the truth of one's generalizations in other 
cases. 

Thus, having settled the point in the zebra and horse, 
our philosopher wotild have great confidence in the ex- 
istence of a circulation in' the ass. Nay, I fancy most 
ptTsona would excuse him, if in this case he did not 
take the trouble to go through the process of verification 
at all ; and it would not be without a parallel in the 
history of the human mind, if our imaginary physiologist 
now maintained that he was acq^uaiuted with asinine 
circulation d priori. 

However, if I might impress any cauHon upon your 
ainds, it is, the utterly conditional na:ure of all our 
iaiowledge, — the danger of neglecting the process of 
■ infication under any circumstances ; and the film upon 
"hich we rest, the moment our deductions carry us 
" ■ond the reach of this great process of verification. 
ire is no better instance of this than is afibrded by 
I history of our knowledge of the circulation of the 
K)d in the animal kingdom until the year 1S34, In 
ary animal possessing a circulation at all, which had 
Seen observed up to that time, the current of the blood 
was known to take one definite and invariable direction. 
Now, there is a class of animals called Ascidians, which 
possess a heart and a circulation, and up to the period of 
which I speak, no one would have dreamt of questioning 
the propriety of the deduction, that these creatures have 
a circulation in one direction ; nor would any one have 
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thought it worth while to verify the point. But, in that 
year, M. von Hasselt, happening to examine a transparent 
animal of this class, found, to hia infinite surprise, that 
after the heart had beat a certain number of times, it 
stopped, and then began beating the opposite way — so 
as to reverse the course of the current, which returned 
by and by to its original direction, 

I have myself timed the heart of these little animals, 
I found it as regular as possible in its periods of reversal ; 
and I know no spectacle in the animal kingdom more 
wonderful than that which it presents — all the more 
wondeiful that to this day it remains an unique fact, 
peculiar to tliis class among the whole animated world. 
At the same time I know of no more striking case of 
the necessity of the verification of even those deduc- 
tions which seem founded on the widest and safest 
inductions. 

Such are the methofis of Biology — methods which are 
obviously identical with those of aU other sciences, and 
therefore wholly incompetent to form the gi'ound of ajiy 
distinction between it and them.^ 

But I shall be asked at once, Do you mean to say 
that there is no difference between the habit of mind 
of a mathematician and that of a naturalist 1 Do you 
imagine that Laplace might have been put into the 
Jardin dea Plantes, and Cuvier into the Observatory, 
with equal advantage to the progress of the sciencftti 
they professed 1 

To which I would reply, that nothing could be fi 
from my thoughts. But different habits and varii 
special tendencies of Jwo sciences do not imply diffe: 
methods. The mountaineej^and the man of the pli 
have very different habits of" progression, and em^ 

' Save for the plensnre of doing so, 1 need hardly point out my obligntidia 
to Mr, J, S. Mill's "System of Logic," in this view of Bcieutilic method. 



would be at a loss in the other's place ; but the method 
of progression, by putting one leg before the other, is 
the same in each cage. Every step of each is a combi- 
nation of a lift and a push ; but the mountaineer lifts 
more and the lowlander pushes more. And I think the 
case of two sciences resembles this, 

I do not question for a moment, that while the Mathe- 
matician is busied with deductions frmti general pro- 
positions, the Biologist is more especially occupied %vith 
observation, comparison, and those processes which lead 
to general propositions. All I wish to insist upon is, 
that this difference depends not on any fimdamentai 
distinction in the sciences themselves, but on tiio ac- 
cidents of their subject-matter, of their relative com- 
plexity, and consequent relative perfection. 

The Mathematician deals with two properties of 
objects only, number and extension, and all the in- 
ductions he wants have been formed and finished ages 
ago. He is occupied now with nothing but deduction 
and verification. 

The Biologist deals with a vast number of properties 
of objects, and his inductions will not be completed, I 
fear, for ages to come ; but when they are, his science 
will be as deductive and as exact as the Mathematics 
themselves. 

Such is the relation of Biology to those sciences which 
deal with objects having fewer properties than ?tsel£ 
But as the student, in reaching Biology, looks back Tttpon 
seiencea of a less complex and~~therefore more perfect 
nature ; eo, on the other hand, does he look forward to 
other more complex and less perfect branches of know- 
ledge. Biology deals only with living beings as isolated 
things — treats only of the life of the individual : but 
there is a higher division of science still, which considers 
living beings as aggregates — which deals with the rela- 
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tion of living beings one to another — the science which 
observes men — whose experiments are made by nations 
one upon another, in battle-fields — whose general propo- 
sitions are embodied in history, morality, and religion — 
whose deductions lead to our happiness or our misery, 
— and whose verijications so oiten come too late, and 
serve only 

"To point a moral or udom a tale"— 

I mean the science of Society or Sociology. 

I think it is one of the grandest features of Biology, 
that it occupies this central position in human know- 
ledge. There is no side of the human mind which 
physiological study leaves uncultivated. Connected by 
innumerable ties with abstract science, Physiology is yet 
in the most intimate relation with humanity ; and by 
teaching us that law and order, and a definite scheme 
of development, regulate even the strangest and wQdeat 
manifestations of individual Hfe, she prepares the student 
to look for a goal even amidst the erratic wanderings of 
mankind, and to believe that history offers something 
more than an entertaining chaos — a joiu'nal of a toilsome, 
tragi-comic march nowhither. 

The preceding considerations have, I hope, served to 
indicate the replies which befit the two first of the 
questions which I set before you at starting, viz. what isi 
the range and position of Physiological Science as a' 
branch of knowledge, and what is its value as a meanai 
of mental discipline. 

Its subject^iatter is a large moiety of the universe- 
its position is midway between the physicoK;hemical anA 
the social sciences. Its value as a branch of disciplint 
is partly that which it has in common with all sciences— 
the training and strengtliening of common sense ; partl^ 
that which is more peculiar to itself — the great exercise" 






which it aff. rcls to the faculties of observation and com- 
parison ; and I may add, the exactness of knowledge 
which it requires on the part of those among its votaries 
who desire to extend its boundaries. 

If what has been said as to the position and scope 
of Biology be correct, our third question — AVIiat is the 
practical value of physiological instruction 1 — might, one 
would think, be left to answer iteel£ 

On other grounds even, were mankind deserving of 
the title " rational," which they arrogate to themselves, 
there can be no question that they would consider, as the 
most necessary of all branches of instruction for them- 
eelves and for their children, that which professes to 
acquaint them with the conditions of the existence they 
prize so highly — which teaches them how to avoid 
disease and to cherish health, in themselves and those 
"Who are dear to them. 

I am addre^ing, I imagine, an audience of educated 
;]tersons ; and yet I dare venture to assert that, with the 
exception of those of my hearers who may chance to 
have received a medical education, there is not one who 
could tell me what is the meaning and use of an act 
which he performs a score of times every minute, and 
whose suspension would involve his immediate doatli ; — 
I mean the act of breatliing — or who could state in 
precise terms wliy it is that a confined atmuspliere is 
injurious to health. 

The practical value of Physiological knowledge ! 
Why is it that educated men can be found to mnintain 
that a slaughter-house in the midst of a great; city is 
rather a good thing than otherwise 1 — that mothers 
persist in exposing the largest possible amount of surface 
of their children to the cold, by the absurd style of dress 
they adopt, and then mar\'el at the peculiar dispensation 
of Providence, which removes their infants by bronchitis 
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and gastric fever ? Why is it that quackery rides ram- 
pant over the land ; and that not long ago, oae of the 
largest public rooms in this great city could be filled by 
an audience gravely listening to the reverend expositor 
of the doctrine — that the simple physiological phcenomena 
known as spirit-rapping, table-turning, phreno-magnetism, 
and by I koow not what other absurd and inappropriate 
names, are due to the direct and personal agency of Satan ? 

"Why is all this, except from the utter ignorance as to 
the simplest laws of their own animal life, which prevaila 
among even the most highly educated persona in this 
country ? 

But there are other branches of Biological Science, 
besides Physiology proper, whose practical iniiuenc(v 
though less obvious, is not, as I believe, leas certain. I 
have heard educated men speak with an ill-disguised 
contempt of the studies of the naturalist, and ask, not 
without a shrug, " What is the use of knowing all about 
these miserable animals — what bearing has it on human 
life?" 

I will endeavour to answer that question. I take it 
that all will admit there is definite Gfovemment of this' 
uaiverse — that its pleasures and pains are not scattered 
at random, but are distributed in accordance with orderly 
and fixed laws, and that it is only in accordance with 
all we know of the rest of the world, that there should 
be an agreement between one portion of the sensitivo, 
creation and another in these matters. 

Surely then it interests us to know the lot of otheC' 
animal creatures — however far below us, they are stilT 
the sole created things which share with us the capability' 
of pleasure and the susceptibility to pain. 

I cannot but think that he who fiuds a certain pro- 
portion of pain and evil inseparably woven np in the life 
of the very worms, will bear his own share with mora 



courage and submission ; and will, at any rate, view with 
suspicion those weakly amiable theories of the Divine 
government, which would have us believe pain to be an 
oversight and a mistake, — to be corrected by and by. 
On the other hand, the predominance of happiness 
among living things — their lavish beauty — the secret and 
wonderful harmony which pervades them all, from the 
highest to the lowest, are equally striking refutations of 
that modern Manichean doctrine, which exhibits the 
world as a slave-mill, worked with many tears, for mere 
utilitarian ends. 

There is yet another way in which natural history 
raay, I am convinced, take a profound hold upon practical 
life, — and that is, by its influence over our finer fecbnga, 
as the greatest of all sources of that pleasure which is 
derivable from beauty, I do not pretend that natural- 
history knowledge, as such, can increase our sense of the 
beautiiul in natural objects. I do not suppose that the 
dead soul of Peter Bell, of whom the great poet of nature 

^B* A primrose by the river's brim, 

^Bl A yellow primrose was to him, — 

f ^ And it waa nothing more, — 

would have been a whit roused from its apathy, by the 
mformation that the primrose is a Dicotyledonous 
Esogen, with a monopetalous corolla and central plaeen- 
tation. But I advocate natural-history knowledge from 
this point of view, because it would lead ua to seek the 
beauties of natural objects, instead of trusting to chance 
to force them on our attention. To a person uninstructed 
in natural history, his country or sea-side stroll is a walk 
through a gallery filled with wonderful works of art, 
nine-tenths of which have their faces turned to the wall. 
Teaeh him something of natural history, and you place 
■in his hands a catalogue of those which are worth 



turning round. Surely our innocent pleasures are not so 
abundant in this life, that we can afford to despise this 
or any other source of them. We should fear being 
banished for our neglect to that limbo, where the great 
Florentine tells us are those who, during this life, " wept 
when they might be joyfuL" 

But I shall be trespassing unwarrantably on your 
kindness, if I do not proceed at once to my last point — 
the time at which Physiological Science should first form 
a part of the Curriculum of Education. 

The distinction between the teaching of the facts of a 
science as instruction, and the teaching it syateraaticaily 
as knowledge, haa already been placed before you in a' 
previous lecture : and it appears to me, that, as with 
other sciences, the common facts of Biology — the uses of 
parts of the body — the names and habits of the living , 
creatures which surround us — may he taught with 
advantage to the youngest child. Indeed, the avidity of i 
children for this kind of knowledge, and the compai-ative , 
ease with which they retain it, is something quite 
marvellous. I doubt whether any toy would be so 
acceptable to young children as a vivarium of the same 
land as, but of course on a smaller scale than those 
admirable devices in the Zoological Gardens. 

On the other hand, systematic teaching in Biology 
cannot be attampted with success until the student has 
attained to a certain knowledge of physics and chemistry : 
for though the phsenomcna of life are dependent neither 
on physical nor on chemical, but on vital forces, yet they 
result in all sorts of physical and chemical changes, 
which can only be judged by their own laws. 

And now to sum up in a few words the conclusions to 
which I hope you see reason to follow me. 

Biology needs no apologist when she demands a place 
— and a prominent plax;e — in any scheme of education 
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worthy of the name. Leave out the Physiological 
sciences from yom: curriculum, and you launch the 
student into the world, undisciplined in that science 
whose subject-matter would best develop his powers of 
observation ; ignorant of facts of the deepest importance 
for his own and others' welfare; blind to the richest 
sources of beauty in God's creation ; and unprovided 
with that belief in a living law, and an order manifesting 
itself in and through endless change and variety, which 
might serve to check and moderate that phase of despair 
through which, if he take an earnest interest in social 
problems, he will assuredly sooner or later pass. 

Finally, one word for myself I have not hesitated to 
speak strongly where I have felt strongly ; and I am but 
too conscious that the indicative and imperative moods 
have too often taken the place of the more becoming 
subjunctive and conditional I feel, therefore, how 
necessary it is to beg you to forget the personality of 
him who has thus ventured to address you, and to con- 
sider only the truth or error in what has been said* 
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ON THE STUDY OF ZOOLOGY^ 

Natural History is the name familiaxly applied to tie 
study of the properties of such natural bodies as mine- 
rals, plants, and animals ; the sciences which embody 
the knowledge man has acquired upon these subjecta 
are commonly termed Natural Sciences, in contradistinc* 
tion to other so-called " physical " sciences ; and those 
who devote themselves especially to the pursuit of 
such sciences have been and are commonly termed 
" Naturalists." 

Linnseus was a naturalist in this wide sense, and his 
" Systema Naturae " was a work upon natural history, in 
the broadest acceptation of the term ; in it, that great 
methodizing spirit embodied all that was known in his 
time of the distinctive characters of minerals, animals, 
and plants. But the enormous stimulus which Linnsdus 
gave to the investigation of nature soon rendered it 
impossible that any one man should write another 
" Systema Naturae," and extremely difficult for any one 
to become a naturalist such as Linnaeus was. 

Great as have been the advances made by all the three 
branches of science, of old included under the title of 
natural history, there can be no doubt that zoology and 
botany have grown in an enormously greater ratio than 



mineralogy ; and hence, as I suppose, the name of 
"natural history" has gradually become more and more 
definitely attached to these prominent divisions of the 
subject, and by "naturalist" people have meant more 
and more distinctly to iniply a student of the structure 
and functions of living beings. 

However this may be, it is certain that the advance of 
knowledge has gradually widened the distance between 
mineralogy and its old associates, while it has drawn 
zoology and botany closer together ; so that of late years 
it has been found convenient (and indeed necessary) to 
associate the sciences which deal with vitality and all its 
phenomena under the common head of "biology;" and 
the biologists have come to repudiate any blood-relation- 
ahip with their foster-brothers, the mineralogists. 

Certain broad laws have a general application through- 
out both the animal and the vegetable worlds, but the 
ground common to these kingdoms of nature is not of 
very wide extent, and the multiplicity of details is so 
great, that the student of living beings finds himself 
obliged to devote his attention exclusively either to the 
one or the other. If he elects to study plants, under 
any aspect, we know at once what to call him. He is a 
botanist, and his science is botany. But if the investi- 
gation of animal life be his choice, the name generally 
applied to him will vary according to the kind of 
animals he studies, or the particular phEenomena of 
animal life to which he confines bis attention. If the 
study of man is his object, he is called an anatomist, or 
a physiologist, or an ethnologist ; but if he dissects 
amimals, or examines into the mode in which their func- 
tions are performed, he is a comparative anatomist or 
comparative physiologist If he turns his attention to 
fossil animals, he is a palajontologist. If his mind is 
more particularly directed to the description specific, 
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discriminatioii, classificadon, and distdbntion of animal^ 
he ia termed a zoolt^ist 

For the ptirposes of the present discoorse, however, 
shall recognise none of these titles save the last, which 
shall employ as the equivalent of botanist, and I shall' 
ose the term 2oolc^ as denoting the whole doctrine 
of animal life, in contradistiDction to borany, which 
signifies the whole doctrine of vegetable lile. 

Employed in this sense, zoology, like Iwtany, is di- 
visible into three great bat subordinate sciences, mor- 
phology, physiology, and distribution, each of which 
may, to a very great extent, be studied independently 
of the other. 

Zoological morphology is the doctrine of animal form 
or stiTictura Anatomy is one of its branches ; develop* - 
ment is another; whUe classification is the espressioa 
of the relations which difierent animals bear to one 
another, in respect of their anatomy and their develop- 
ment, ) 

Zoological distribution is the study of animals in , 
relation to the terrestrial conditions which obtain now, 
or have obtained at any previous epoch of the earth's. 






Zoological physiology, lastly, is the doctrine of the 
functions or actions of animals. It regards animal bodies 
as machines impelled by certain forces, and performing 
an amonnt of work which can be expressed in terms M 
the ordinary forces of nature. The final object of phy- 
siology is to deduce the facts of morphology, on the one 
hand, and those of distribution on the other, from the 
laws of the molecular forces of matter. 

Such is the scope of zoology. But if I were to cont-'Hit 
myself with the enunciation of these dry de&nitions, I 
should ill esemplify that method of teaching this branch 
of physical science, which it is my chief business to- 
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night to recommeii(L Let us turn away then from 
abstract definitions. Let us take some concrete living 
thing, some animal, the commoner the better, and let us 
see how the application of common sense and common 
logic to the obvious facts it presents, inevitably leads us 
into all these branches of zoological science. 

I have before me a lobster. When I examine it, what 
appears to be the most striking character it presents? 
Why, I observe that this part which we call the tail of 
the lobster, is made up of six distinct hard rings and a 
seventh terminal piece. If I separate one of the middle 
rings, say the third, I find it carries upon its under sur- 
face a pair of limbs or appendages, each of which con- 
sists of a stalk and two terminal pieces. So that I can 
represent a transverse section of the ring and its appen- 
dages upon the diagram board in this way. 

If I now take the fourth ring I find it has the same 
structure, and so have the fifth and the second ; so that, 
in each of these divisions of the tail, I find parts which 
correspond with one another, a ring and two appendages ; 
and in each appendage a stalk and two end pieces. 
These corresponding parts are called, in the technical 
language of anatomy, "homologous parts." The ring 
of the third division is the "homologue" of the ring 
of the fifth, the appendage of the former is the homo- 
logue of the appendage of the latter. And, as each 
division exhibits corresponding parts in corresponding 
places, we say that all the divisions are constructed upon 
the same plan. But now let us consider the sixth di- 
vision. It is similar to, and yet different from, the 
others. The ring is essentially the same as in the other 
divisions ; but the appendages look at first as if they 
were very different ; and yet when we regard them 
closely, what do we find ? A stalk and two terminal 
divisions, exactly as in the others, but the stalk is very 
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sbort and very tUick, the terminal divisions are veiy 
broad and flat, and one of them is divided into tffo 
pieces. 

I may say, therefore, that the sixth segment is like the 
others in pfan, but that it is modified in its details. 

The first segment is like the others, so far as its ring is 
concerned, and though its appendages differ from any of 
those yet examined in the simphcity cf their strncture, 
parts corresponding with the stem and one of the divi- 
sions of the appendages of the other segments can be 
readily discerned in them. 

Thus it appears that the lobster's tail is composed of 
a series of segments which are fundamentally similar, 
though each presents peculiar modifications of the plan 
common to alL But when I turn to the fore part of the 
body I see, at first, nothing but a great shield-like shell, 
called technically the " carapace," ending in front in a 
sharp spine, on either side of which are the curious com- 
pound eyes, set upon the ends of stout moveable stalks. 
Behind those, on the under side of the body, are two 
pairs of long feelers, or antemiffi, followed by six pairs of 
jaws, folded ngainst one another over the mouth, and 
live pairs of legs, the foremost of these being the great 
pinchers, or claws, of the lobster. 

It looks, at first, a little hopeless to attempt to find in. 
this complex mass a series of rings, each with its pair of 
appendages, such as I have shown you in the abdomen, 
and yet it is not difScult to demonstrate their existence. 
Strip off the legs, and you will find that each pair is 
attached to a veiy definite segment of the under wall 
of the body ; but these segments, instead of being the 
lower parts of fi'ee rings, as in the tail, are such parts 
rings which are all solidly united and bound together 
and the like is true of the jaws, the feelers, and the ey( 
stalks, every pair of which is burne upon itii own special' 
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segment. Thus the conclusion is gradually forced upon 
us, that the body of the lobster is composed of as many 
rings as there are pairs of appendages, namely, twenty 
in all, but that the six hindmost rings remain free and 
moveable, while the fourteen front rings become firmly 
soldered together, their backs forming one continuous 
shield — ^the carapace. 

Unity of plan, diversity in execution, is the lesson 
taught by the study of the rings of the body, and the 
same instruction is given still more emphatically by the 
appendages. If I examine the outermost jaw I find it 
consists of three distinct portions, an inner, a middle, 
and an outer, mounted upon a common stem ; and if I 
compare this jaw with the legs behind it, or the jaws in 
front of it, I find it quite easy to see, that, in the legs, it 
is the part of the appendage which corresponds with the 
inner division, which becomes modified into what we 
know familiarly as the '•' leg,'' while the middle division 
disappears, and the outer division is hidden under the 
carapace. Nor is it more difficult to discern that, in the 
appendages of the tail, the middle division appears 
again and the outer vanishes ; while, on the other hand, 
in the foremost jaw, the so-called mandible, the inner 
division only is left ; and, in the same way, the parts of 
the feelers and of the eye-stalks can be identified with 
those of the legs and jaws. 

But whither does all this tend ? To the very remark- 
able conclusion that a unity of plan, of the same kind as 
that discoverable in the tail or abdomen of the lobster, 
pervades the whole organization of its skeleton, so that 
I can return to the diagram representing any one of the 
rings of the tail, which I drew upon the board, and by 
adding a third division to each appendage, 1 can use it 
as a sent of scheme or plan of any ling of tlie body. I 
can give names to all the parts of that fin are, and then 
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if I take any segment of the body of the lobster, I can 
point out to you exactly, what modification the general 
plan has undergone in that particular segment; what 
part has remained moveable, and what has become fixed 
to another ; what has been excessively developed and 
metamorj hosed, and what has been suppressed. 

But I imagine I hear the question, How is all this to 
be tested ? No doubt it is a pretty and ingenious way 
of looking at the structure of any animal, but is it any- 
thing more ? Does Nature acknowledge, in any deeper 
way, this unity of plan we seem to trace ? 

The objection suggested by these questions is a very 
valid and important one, and morphology was in an 
unsound state, so long as it rested upon the mere percep- 
tion of the analogies which obtain between fully formed 
parts. The unchecked ingenuity of speculative anato- 
mists proved itself fully competent to spin any number 
of contradictory hypotheses out of the same facts, and 
endless morphological dreams threatened to supplant 
scientific theory. 

Happily, however, there is a criterion of morpho- 
logical truth, and a sure test of all homologies. Our 
lobster has not always been what we see it ; it was once 
an egg, a semifluid mass of yolk, not so big as a pin s 
head, contained in a transparent membrane, and exhi- 
biting not the least trace of any one of those organs, 
whose multiplicity and complexity, in the adult, are so 
surprising. After a time a delicate patch of cellular 
membrane appeared upon one face of this yolk, and that 
patch was the foundation of the whole creature, the clay 
out of which it would be moulded. Gradually investing 
the yolk, it became subdivided by transverse constric- 
tions into segments, the forerunners of the rings of the 
body. Upon the ventral surface of each of the rings 
thus sketched out, a pair of bud-like prominences made 
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their appearaiice--Ttbe rudiments of the appendages of 
the ring. At first, all the appendages were alike, but, as 
they grew, most of them became distinguished into a 
stem and two terminal divisions, to which, in the middle 
part of the body, was added a third outer division ; and 
it was only at a later period, that by the modification, or 
absorption, of certain of these primitive constituents, the 
limbs acquired their perfect form. 

Thus the study of development proves that the doc- 
trine of unity of plan is not merely a fancy, that it is 
not merely one way of looking at the matter, but that it 
is the expression of deep-seated natural facts. The legs 
and jaws of the lobster may not merely be regarded as 
modifications of a common type, — in fact and in nature 
they are so, — the leg and the jaw of the young animal 
being, at first, indistinguishable. 

These are wonderful truths, the more so because the 
zoologist finds them to be of universal application. The 
investigation of a polype, of a snail, of a fish, of a horse, 
or of a man, would have led us, though by a less easy 
path, perhaps, to exactly the same point. Unity of plan 
everywhere lies hidden under the mask of diversity of 
structure — ^the complex is everywhere evolved out of the 
simple. Every animal has at first the form of an egg, 
and every animal and every organic part, in reaching its 
ddult state, passes through conditions common to other 
animals and other adult parts ; and this leads me to 
another point I have hitherto spoken as if the lobster 
were alone in the world, but, as I need hardly remind 
you, there are myriads of other animal organisms. Of 
these, some, such as men, horses, birds, fishes, snails, 
dugs, oysters, corals, and sponges, are not in the least 
like the lobster. But other animals, though they may 
differ a good deal from the lobster, are yet either very 
like it, or are like somethiog that is like it The cray 
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fish, the rock lobster, and the prawn, and the shrimp, for 
example, however different, are yet so like lobsters, that 
a child would group them as of the lobster kind, in con- 
tradistinction to snails and slugs ; and these last again 
would form a kind by themselves, in contradistinction to 
cows, horses, and sheep, the cattle kind. 

But this spontaneous grouping into "kinds** is the 
first essay of the human mind at classification, or the 
calling by a common name of those things that are 
alike, and the arranging them in such a manner as best 
to suggest the sum of their likenesses and unlikenesses 
to other things. 

Those kinds which include no other subdivisions than 
the sexes, or various breeds, are called, in technical 
language, species. The English lobster is a species, 
our Cray fish is another, our prawn is another. In other 
countries, however, there are lobsters, cray fish, and 
prawns, very like ours, and yet presenting sufficient 
differences to deserve distinction. Naturalists, therefore, 
express this resemblance and this diversity by grouping 
them as distinct species of the same " genus.'* But the 
lobster and the cray-fish, though belonging to distinct 
genera, have many features in common, and hence are 
grouped together in an assemblage which is called a 
family. More distant resemblances connect the lobster 
with the prawn and the crab, which are expressed by 
putting all these into the same order. Again, more 
remote, but still very deifinite, resemblnaces unite the 
lobster with the woodlouse, the king crab, the water- 
flea, and the barnacle, and separate them from all other 
animals ; whence they collectively constitute the larger 
group, or class, Crustacea. But the Crustacea exhibit 
many peculiar features in common with insects, spiders, 
and centipedes, so that these are grouped into the still 
larger assemblage or " province " Articulata ; and, finally, 



the relations which these have to worms and other lower 
animals, are expressed by combining the whole vast 
aggregate into the sub-kingdom of Annulosa, 

H I had worked my way from a sponge instead of a 
lobster, I should have found it associated, by like ties, 
with a great number of other animals into the sub- 
kingdom ProtQ-Koa; if I had selected a fresh-water 
polype or a coral, the members of what naturalists 
term the sub-kingdom Ccclenterata would have grouped 
themselves around my type; had a snail been chosen, 
the inhabitants of all univalve and bivalve, land and 
water, shells, the lamp shells the squids, and the sea- 
mat would have gradually linked themselves on to it as 
members of the same sub-kingdom of Mollusca ; and 
finally, starting from man, I should have been compelled 
to adjnit first, the ape, the rat, the horse, the dog, into 
the same class ; and then the bird, the crocodile, the 
turtle, the fix)g, and the fish, into the same sub-kingdom 
f Vertebrata. 
And if I had followed out all these various lines of 
I classification fully, I should discover in the end that 
I there was no animal, either recent or fossil, which did 
I not at once fall into one or other of these sub-kingdoms. 
, In other words, every animal is organized upon one or 
other of the five, or more, plans, whose existence renders 
I our classification possible. And so definitely and pre- 
J ciaely marked is the structure of each animal, that, in 
I the present state of our knowledge, there is not the least 
evidence to prove that a form, in the slightest degree 
I transitional between any of the two groups Vertebrata, 
I Annulosa, Mollusca, and Ccclenterata, either exists, or 
I has existed, during that period of the earth's history 
which is recorded by the geologist Nevertheless, you 
must not for a moment suppose, because no such 
V transitional forms arc known, that the members of 
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the bub-kingdoms are disconnected from, or indepen- 
dent of, one another. On the contrary, in their earliest 
condition they are all alike, and the primordial genns 
of a man, a dog, a bird, a fish, a beetle, a snail, and 
a polype are, in no essential structm^l respect^ dis- 
tinguishable. 

In this broad sense, it may with truth be said, that 
all living animals, and all those dead creations which 
geologj^ reveals, are bound together by an all-pervading 
unity of organization, of the same character, though not 
equal in degree, to that which enables us to discern one 
and the same plan amidst the twenty different segments 
of a lobster's body. Truly it has been said, that to a 
clear eye the smallest fact is a window through which 
the Infinite may be seen. 

Turning from these purely morphological considera- 
tions, let us now examine into the manner in which the 
attentive study of the lobster impels us into other lines 
of research. 

Lobsters are found in all the European seas ; but on 
the opposite shores of the Atlantic and in the seas of 
the southern hemisphere they do not exist. They are, 
however, represented in these regions by very closely 
allied, but distinct forms — the Homarsu Americanus 
and the Homarus Capeusis : so that we may say that 
the European has one species of Homarsu; the 
American, another; the African, another; and thus 
the remarkable facts of geographical distribution begin 
to dawn upon us. 

Again, if we examine the contents of the earth's crust, 
we shall find in the latter of those deposits, which have 
served as the great burying grounds of past ages, num- 
berless lobster-like animals, but none so similar to our 
livmg lobster as to make zoologists sure that they be- 
longed even to the same genus. If we go still further 
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back in time, \re discover, in the oldest rocks of all, the 
remains of animals, constructed on the same general 
plan as the lobster, and belonging to the same great 
group of C'imstacea; but for the most part totally 
different from the lobster, and indeed from any other 
living form of crustacean ; and thus we gain a notion of 
that successive change of the animal population of the 
globe, in past ages, which is the most striking fact 
revealed by geology. 

Consider, now, where our inquiries have led us. We 
studied our type morphologically, when we determined 
its anatomy and its development, and when comparing 
it, in these respects, with other animals, we made out its 
place in a system of classification. If we were to 
examine every animal in a similar manner, we should 
establish a complete body of zoological morphology. 

Again, we investigated the distribution of our type in 
space and in time, and, if the like had been done with 
every animal, the sciences of geographical and geological 
distribution would have attained their limit. 

But you will observe one remarkable circumstance, 
that, up to this point, the question of the life of these 
organisms has not come under consideration. Morpho- 
logy and distribution might be studied almost as well, if 
animals and plants were a peculiar kind of crystals, and 
possessed none of those functions which distinguish living 
beings so remarkably. But the facts of morphology and 
distribution have to be accounted for, and the science, 
whose aim it is to account for them, is Physiology. 

Let us return to our lobster once more. If we watched 
the creature in its native element, we should see it climb- 
ing actively the submerged rocks, among which it delights 
to live, by means of its strong legs ; or swimming by 
powerful strokes of its great tail, the appendages of 
whose sixth joint are spread out into a broad fan-like 
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propeller : seize it, and it will show you that its great 
claws are no menn weapons of offt^nce ; suspo id a piece 
of carrion among its haunts, and it ^vill greeoily devour 
it, tearing and crushing the flesh by means of its multi- 
tudinous jaws. 

Suppose that we had known nothing of the lol 
but as an inert mas?, an organic crystal, if I may use tl 
phrase, and that we could suddenly see it exerting a 
these powers, what wonderful new ideas and new ques- 
tions would arise in our minds I The great new questioc 
woiild be, " How does all this take place ? " the chief new 
idea would be, the idea of adaptation to purpose, — ^the 
notion, that the constituents of animal bodies are not 
mere unconnected parts, but organs working together to 
an end. Let us consider the tail of the lobster again 
from this point of view. Morphology has taught ua 
that it is a series of segments composed of homologouH 
parts, which undergo various modifications — beneadl 
and through which a common plan of formation i3 dis- 
cemibla But if I look at the same part physiologicallyii 
I see that it ia a most beautifully constructed organ fA 
locomotion, by means of which the animal can swiftly 
propel itself either backwards or forwards. 

But how is this remarkable propulsive machine madi 
to perform its functions ? If 1 were suddenly to kill one 
of these animals and to take out aU the soft parts, 
should find the shell to be perfectly inert, to have i 
more power of moving itself than is possessed by tbfl 
machinery of a mdl, when disconnected from its steam* 
engine or water-wheek But if I were to open it, anA\ 
take out the viscera only, leaving the white flesh, I 
should perceive that the lobster could bend and extend 
its tail as well as before. If I were to cut oif the tail, 1 
should cease to find any spontaneous motion in it ; but 
on pinching any portion of the flesh, I should observe 



tat it underwent a very tairious change — each fibre b&- 
iming shorter and thicker. By this act of contraction, 
I it is termed, the parts to which the ends of the fibre 
te at'ached are, of course, approximated ; and accord- 
ing to the relations of their points of attachment to the 
centres of motion of the different rings, the bending or 
the extension of the tail results. Close observation of 
the Dcwly-opcned lobster would soon show that all ita 
movements are due to the same cause — the shortening 
and thickening of these fleshy fibres, which are techni- 
cally called muscles. 

Here, then, is a capital fact. The movements of the 
lobster are due to muscular contractility. But why does 
a muscle contract at one time and not at another ? "Why 
does one whole group of muscles contract when the 
lobster wishes to extend his tail, and another group 
when he desires to bend it? What is it originates, 
directs, and controls the motive power 1 

Experiment, the great instrument for the ascertain- 
ment of truth in physical science, answers this question 
I for us. In the head of the lobster there lies a small 
• mass of that pecuHar tissue which is known as nervous 
Bubstance. Cords of similar matter connect this brain 
of the lobster, directly or indirectly, with the muscles. 
Now, if these communicating cords are cut, the brain 
remaining entire, the power of exerting what we call 
voluntary motion in the parts below the section is de- 
stroyed ; and on the other hand, if, the cords remaining 
entire, the brain mass be destroyed, the same voluntary 
mobility is equally lost. Whence the inevitable conclu- 
sion is, that the power of originating these motions resides 
in the brain, and is propagated along the nervous cords. 
In the higher animals the phfenomena which attend 
this transmission have been investigated, and the exer- 
tion of the peculiar energy which resides in the nerves 



has been found to be accompanied by a disturbance of 
the electrical state of their molecules. 

If we could exactly estimate the signification of this 
disturbance ; if we could obtain the value of a given 
exertion of nerve force by determining the quantity of 
electricity, or of heat, of which it is the equivalent ; if 
we could asscertain upon what arrangement, or other 
condition of the molecules of matter, the manifestation of 
the nervous and muscular energies depends, (and doubt- 
less science will some day or other ascertain these points,) 
physiologists would have attained tlieir ultimate goal in 
this direction ; they would have determined the relation 
of the motive force of animals to the other forms of force 
found in nature ; and if the same process had been sue- 
cessfuUy performed for all the operations which are 
carried on in, and by, the animal frame, physiology 
would be perfect, and the facts of morphology and 
distribution would be deducible from the laws which 
physiologists had established, combined with those deter- 
mining the condition of the surrounding imiverse. 

There is not a fragment of the organism of this humble 
animal, whose study would not lead us into regions of 
thought as large as those which I have briefly opened 
up to you ; but what I have been saying, I trust, has not 
only enabled you to form a conception of the scope and 
purport of zoology, but has given you an imperfect 
example of the manner in which, in my opinion, that 
science, or indeed any physical science, may be best 
taught. The great matter is, to make teaching real and 
practical, by fixing the attention of the student on par- 
ticular facts ; but at the same time it should be rendered 
broad and comprehensive, by constant reference to the 
generalizations of which all particular facts are illustra- 
tions. The lobster has served as a type of the whole 
animal kingdom, and its anatomy and physiology have 
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illustrated for us some of the greatest truths of biology. 
The student who has once seen for himself the facts 
which I have described, has had their relations explained 
to him, and has clearly comprehended them, has, so far, 
a knowledge of zoology, which is real and genuine, how- 
ever limited it may be, and which is worth more than all 
the mere reading knowledge of the science he could ever 
acquire. His zoological iiSormation is, so far, knowledge 
and not mere hearsay. 

And if it were my business to fit you for the certificate 
in zoological science granted by this department, I 
should pursue a course precisely similar in principle 
to that which I have taken to-night I should select a 
fresh-water sponge, a fresh-water polype or a Cyancca, 
a fresh-water mussel, a lobster, a fowl, as types of the 
five primary divisions of the animal kingdom. I should 
explain their structure very fully, and show how each 
illustrated the great principles of zoology. Having 
gone very carefully and fully over this ground, I should 
feel that you had a safe foundation, and I should then 
take you in the same way, but less minutely, over 
similarly selected illustrative types of the classes; and 
then I should direct your attention to the special forms 
enumerated imder the head of types, in this syllabus, 
and to the other facts there mentioned. 

That would, speaking generally, be my plan. But I 
have undertaken to explain to you the best mode oi 
acquiring and communicating a knowledge of zoology, 
and you may therefore fairly ask n]te for a more 
detailed and precise account of the manner in which 
1 should propose to furnish you with the information I 
refer ta 

My own impression is, that the best model for all 
kinds of training in physical science is tliat afforded 
by the method of teaching anatomy, in use i4 the 



medical schools. This method consists of three elementa 
— lectures, demonstrations, and examinations. 

The object of lectures is, in the first place, to awaken 
the attention and excite the enthusiasm of the atndent ; 
and this, I am sure, may be effected to a far greater 
extent by the oral discourse and by the personal influence 
of a respected teacher than in any other way. Secondly, 
lectures have the double use of guiding the student 
to the salient points of a subject, and at the same 
time forcing him to attend to the whole of it, and not 
merely to that part which takes his fancy. And lastly, 
lectures afford the student the opportunity of seeking 
explanations of those difficulties which will, and indeed 
ought to, arise in the course of his studies. 

But for a student to derive the utmost possible value 
from lectures, several precautions are needful, 

I have a strong impression that the better a discourse 
is, aa an oration, the worse it is as a lecture. The flow 
of the discourse carries you on without proper atten- 
tion to its sense ; you drop a word or a phrase, you 
lose the exact meaning for a moment, and while you 
strive to recover yourself, the speaker has passed on 
to something else. 

The practice I have adopted of late years, in lecturing 
to students, is to condense the substance of the houi'a 
discourse into a few dry propositions, which are read 
slowly and taken down from dictation ; the reading of 
each being followed by a free commentary, expanding 
and illustrating the proposition, explaining terms, and, 
removing any difficultitis that may be attackable 
that way, by diagrams made roughly, and seen 
gi'ow under the lecturer's hand. In this manner yoa^; 
at any rate, insure the co-operation of the student t^ 
a certain extent. He caunot leave the Iccture-rooatj 
entirely empty if the taking of notes is enforced; and' 
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a student must be preternaturally dull and mechanical, 
if he am takes notes and hear them properly explained, 
and yet learn nothing. 

What books shall I read? is a qiicstion constantly 
put by the student to the tea(;ber. lly reply usually ie, 
" Konc : write your notes out carefully and fully ; strive 
to understand them thoroughly ; come to me for the 
explanation of anythicg you cannot understand ; and 
I Tvould rather you did not distract your mind by 
reading." A properly composed course of lectures 
ought to contain fully as much matter as a student 
can assimilate in the time occupied by its delivery ; and 
the teacher should always recollect that his business is 
to feed, and not to cram the intellect. Indeed, I believe 
that a student who gains from a course of lectures 
the simple habit of concentrating his attention upon 
a definitely limited series of facta, until they are 
thoroughly mastered, has made a step of immeasurable 
importance. 

But, however good lectures may be, and however 
extensive the course of reading by which they are 
followed up, they are but accessories to the great in- 
strument of scientific teaching — demonstration. If I 
insist unwcaricdly, nay fanaticaJly, upon the impoilance 
of physical science as an educational agent, it is because 
the study of any branch of science, if properly conducted, 
appears to me to fill up a void left by all other means 
of education. I have the greatest respect and love for 
literature; nothing would grieve me more than to see 
literary training other than a very prominent branch of 
education : indeed, I wish that real literary discipline 
were far more attended to than it is ; but I cannot 
shut my eyes to the fact, that there is a vast difference 
between men who have had a piarely literary', and those 
who havo had a sound scientific, ti'aining. 
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Seekinor for the cause of this difference, I imaorine I 
can find it in the fact, that, in the world of letters, 
learning and knowledge are one, and books are the 
source of both ; whereas in science, as in life, learning 
and knowledge are distinct, and the study of things, 
and not of books, is the source of the latter. 

All that literature has to bestow may be obtained 
by reading and by practical exercise in writing and 
in speaking ; but I do not exaggerate when I say, that 
none of the best gifts of science are to be won by these 
means. On the contrary, the great benefit which a 
scientific education bestows, whether as training or as 
knowledge, is dependent upon the extent to which the 
mind of the student is brought into immediate contact 
with facts — upon the degree to which he learns the 
habit of appealing directly to Nature, and of acquiring 
through his senses concrete images of those properties 
of things, which are, and always will be, but approxi- 
matively expressed in human language. Our way -of 
looking at Nature, and of speaking about her, varies 
from year to year ; but a fact once seen, a relation of 
cause and effect, once demonstratively apprehended, are 
possessions which neither change nor pass away, but, 
on the contrary, form fixed centres, about which other 
truths aggregate by natural affinity. 

Therefore, the great business of the scientific teadier 
is, to imprint the fundamental, irrefragable facts of his 
science, not only by words upon the mind, but by 
sensible impressions upon the eye, and ear, and touch 
of the student, in so complete a manner, that every 
term used, or law enunciated, should afterwards call 
up vivid images of the particular structural, or other, 
facts which furnished the demonstration of the law, or 
the illustration of the term. 

Now this important operation can only be achieved 



by constant demonstration, which may take place to 
a certain imperfect extent during a lecture, but which 
ought also to be carried on independently, and which 
should be addressed to each individual student, the 
teacher endeavouring, not so much to show a thing to 
the learner, aa to make him see it for himself. 

I am well aware that there are great practical difficul- 
ties in the way of effectual zoological demonstrations. 
The dissection of animals is not altogether pleasant, 
and requires much time ; nor is it easy to secure an 
adequate supply of the needful specimens. The botanist 
has here a great advantage ; his specimens are easily 
obtained, are clean and wholesome, and can be dissected 
in a private house as well as anywhere else ; and 
hence, I believe, the fact, that botany is so much 
more readUy and better taught than its sister science. 
But, be it difficult or be it easy, if zoological science 
is to be properly studied, demonstration, and, con- 
sequently, dissection, must be had. Without it, no 
man can have a really sound knowledge of animal 
organization. 

A good deal may be done, however, without actual 
dissection on the student's part, by demonstration upon 
specimens and preparations ; and in all probabUity it 
would not be very difficult, were the demand sufficient, 
to organize collections of such objects, sufHcient for all 
the purposes of elementary teaching, at a comparatively 
cheap rate. Even without these, much might be effected, 
if the zoological collections, which are open to the 
public, were arranged according to what has been 
termed the " typical principle ; " that is to say, if the 
specimens exposed to public view were so selected, that 
the public could learn something from them, instead 
of biing, aa at present, merely confused by their mul- 
tiolieity. For example, the grand ornithological gallery 
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at the British Museum containa between two and three 

thousand species of birds, and sometimes five or six 
specimens of a species. They are very pretty to look 
at, and some of the cases are, indeed, splendid ; but 
I win undertake to say, that no man but a professed 
ornithologist has ever gathered much information from 
the collection. Certainly, no one of the tens of thousands 
of the general public who have walked through that I 
gallery ever knew more about the essential peciiHaritiea 
of birds when he left the gallery, than when he entered 
it. But if, somewhere in that vast hall, there were a 
few preparations, exemplifying the leading structural 
peculiarities and the mode of development of a common 
fowl ; if the types of the genera, the leading modifi- 
cations in the skeleton, in the plumage at various agea, 
in the mode of nidifieation, and the like, among birds, 
were displayed ; and if the other specimens were put 
away in a place where the men of science, to whom 
they are alone useful, could have free access to themj 
I can conceive that this collection might become a 
great instrument of scientific education. 

The last implement of the teacher to which I have 
adverted is examination — a means of education now so 
thoroughly understood thitt I need hardly enlarge upon 
it. I hold that both written and oral examinations 
are indispensable, and, by requiring the description 
of specimens, they may be made to Bupplement 
demonstration. 

Such is the fullest reply the time at my disposal 
win allow me to give to the question — how may a know- 
ledge of zoology be best acquired and communicated ? 

But there is a previous qucstiofi which may be moved, 
and which, in fact, I know many are iacHned to move 
It is the question, why sbould training masters be 
encouraged to acquire a knowledge of this, or any other 



Lrancb of physical Bcience ? What is the use, it is 8aid, 
of attempting to make physical science a branch of 
primary education? Is it not probable that teachers, 
in pursuing such studies, will be led astray from the 
acquirement of more important but less attractive 
knowledge ? And, even if they can learn something 
of science without prejudice to their usefulness, what 
is the good of their attempting to instil that knowledge 
into boys whose real business is the acquisition of 
reading, writing, and arithmetic ? 

These questions are, and wiH be, very commonly 
asked, for they arise from that profound ignorance of 
the value and true position of physical science, which 
infests the minds of the most highly educated and 
intelligent classes of the community. But if I did not 
feel well assured that they are capable of being easily 
and satisfactorily answered ; that they have been an- 
swered over and over again ; and that the time will 
come when men of liberal education will blush to raise 
such questions, — I should be ashamed of my position 
here to-night. Without doubt, it is your great and very 
important function to carry out elementary education ; 
without question, anythiug that should interfere with 
the faithful fulfilment of that duty on your part would 
be a great evil ; and if I thought that your acqmi'ement 
of the elements of physical science, and your communi- 
cation of those elements to your pupils, involved any 
Bort of interference with your proper duties, I should 
be the first person to protest against your being en- 
couraged to do anything of the kind. 

But is it true that the acquisition of such a know- 
ledge of science as is proposed, and the communication 
of that knowledge, are calculated to weaken your usc- 
fiilncss ? Or may I not rather ask, is it possible for you 
to discharge your functions properly without tliese aids ? 



4 
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Wliat is the purpose of primary intellectual educa- 
tion ? 1 apprehend that its first object is to tmin the 
young in the use of those tools wherewith men extract 
knowledge from the ever-shifting succession of phEeno- 
meua which pass before their eyes ; and that its second 
object is to inform them of the fundamental laws which 
have been found by experience to govern the course of 
things, so that they may not be turned out into the 
world naked, defenceless, and a prey to the events they 
might control 

A boy ia taught to read his own and other languages, 
in order that he may have access to infinitely wider 
stores of knowledge than could ever be opened to him 
by oral intercourse with his fellow men ; he learns to 
write, that his means of communication with the rest of 
mankind may be indefinitely enlarged, and that he may 
record and store up the knowledge he acquires. He 
is taught elementary mathematics, that he may under^ 
stand all those relations of number and form, upon 
which the transactions of men, associated in complicated 
societies, are buUt, and that he may have some practice 
in deductive reasoning. 

All these operations of reading, writing, and ciphering 
are intellectual tools, whose use should, before all things, 
be learned, and learned thoroughly ; so that the youth. 
may be enabled to make his life that which it ought to 
be, a continual progress in learniE'j and in wisdom. 

But, in addition, primary education endeavours to fife 
a boy out with a certain equipment of positive know-, 
ledge. He ia taught the great laws of morality; thaE 
religion of his sect ; so much history and geography as 
will tell him where the great countries of the world 
are, what they are, and how they have become what 
they are. 

"Without doubt all these are most fitting and ex-j 



cellcnt tilings to teach a boy ; I should be very sorry 
to omit any of them from any scheme of primary in- 
tellectual education. The system is excellent, so far as 
it goes. 

But if I regard it closely, a curious reflection arises. 
I suppose that, fifteen hundred yeai's ago, the child of 
any well-to-do Roman citizen was taught just these 
same things ; reading and writing in his own, and, per- 
haps, the Greek tongue; the elements of mathematics; 
and the religion, morality, history, and geography cur- 
rent in his time. Furthermore, I do not think I err 
in affirming, that, if such a Christian Roman boy, who 
had fijiished his education, could be transplanted into 
one of our public schools, and pass through its course of 
instruction, he would no* meet with a single unfamiliar 
line of thought; amidst all the new facts he would 
have to learn, not one would suggest a difierent mode 
of regarding the universe from that cui'rent in his 
own time. 

And yet surely there is some great difference between 
the civibzation of the fourth century and that of the 
nineteenth, and still more between the intelleetual habits 
and tone of thought of that day and this 1 

Ajid what has made this difference ? I answer fear- 
lessly, — The prodigious development of physical science 
within the last two centuries. 

Modem civilization rests upon physical science ; take 
away her gifts to our own country, and our position 
among the leading nations of the world is gone to- 
morrow ; for it is physical science only, that makes 
intelligence and moral energy stronger than brute ibrce. 

The whole of modern thought is steeped in science ; it 
has made its way into the works of our best poets, and 
even the mere man of letters, who affects to ignore and 
despise science, is unconsciously impregnated with her 



spirit, and indebted for his best products to her methods. 
I believe that tiie greatest intellectual revolution mau- 
kind has yet seen is now slowly taking place by her 
agency. She is teaching the world that the ultimate 
court of appeal is observation and experiment, and not 
authority ; she is teaching it to estimate the value of 
evidence ; she is creating a firm and living iaith in the 
existence of immutable moral and physical laws, perfect 
obedience to which is the highest possible aim of an 
intelligent being. 

But of all this your old stereotyped system of educa- 
tion takes no note. Physical science, its methods, its 
problems, and its difficulties, will meet the poorest boy 
at every turn, and yet we educate bim in such a manner 
that he shall enter the world as ignorant of the existence 
of the methods and facts of science as the day he was 
bom. The modem world is full of artillery ; and we 
turn out our children to do battle in it, equipped with 
the shield and sword of an ancient gladiator. 

Posterity will cry shame on us if we do not remedy 
this deplorable state of things. Nay, if we live twenty 
years longer, our own consciences will cry shame on ua. 

It is my firm conviction that the only way to remedy 
it is, to make the elements of physical science an integral 
part of primary education. I have endeavoured to show 
you how that may he done for that branch of science 
which it is my business to pursue ; and I can but add, 
that I should look upon the day when every school- 
master throughout this land was a centre of genuine, 
however radiraentary, scientific knowledge, as an epoch 
in the history of the country. 

But let me entreat you to remember my last worda. 
Addressing myself to you, as teachers, I would say, mere 
book learning in physical science is a sham and a 
delusion — what you teach, unless you wish to be impos- 
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tors, that you must first know; and real knowledge in 
science means personal acquaintance with the facts, be 
they few or many.^ 

* It has been suggested to me that thew words may be taken to implv 
a discouragement on my part of any sort of scientific instruction which 
does not give an acquaintance with the facts at first hand. But this is 
not my meaning. The ideal of scientific teaching is, no doubt, a system 
by which the scholar sees every fact for himself, and the teacher supplies 
only the explanations. Circumstances, however, do not often allow of the 
attainment of that ideal, and we must put up with the next best system — 
one in which the scholar takes a good deal on trust from a teacher, who, 
knowing the facts by his own knowledge, can describe them with so much 
vividness as to enable his audience to form competent ideas concerning 
them. The system which I repudiate is that which allows teachers who 
have not come into direct contact with the leading facts of a science to pass 
their second-hand information on. The scientific virus, like vaccine lymph, 
if passed through too long a succession of organisms, will lose all its effect 
in protecting the young against the intellectual epidemics to which they are 
exposed« 
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ON THE PHYSICAL BASIS OF LIFE.^ 

In order to mate the title of this discourse generally 
intelligible, I have translated the term "Protoplasm," 
which ia the scientific name of the substance of which I 
am about to speak, by the words "the physical basis of 
life." I suppose that, to many, the idea that there is 
such a thing as a physical basis, or matter, of life may 
he novel — so widely spread is the conception of life as a 
something which works through matter, but is independent 
of it ; and even those who are aware that matter and 
life are inseparably connected, may not be prepared for 
the conclusion plainly suggested by the phrase, *'the 
physical basis or matter of life," that there is some one 
kind of matter which is common to all living beings, 
and that their endless diversities are bound together by 
a physical, as well as an ideal, unity. In fact, when first 

' The substnnce of this paper vias contained io a discouree trhiotk viu§ 
delirered in Edinburgh on the evening of Sunday, the 6th of November, 
1868— being the first of a aeriea of Sunday evening addresses upon non- 
tbeobgitiul topics, instituted b;rtbe Rev. J.CranbroolE, Some phrases, which 
could possess only a, transitory and local interest, have been omitted; 
instead of the newspaper report of the Archbishop of Yorlt'a address, his 
Grace's subsequently-published pamphlet "On the Limits of Pbiloaopfaical 
Inquiry "is quoted; and I have, here and there, eudeavouredtoeipressmy 
meaning more fully and clearly than I seem to have done in speakrag — if I 
may judge by sundry cri t iciams upon what I am supposed to have said, which 
have appeared. But in substance, and, so far as my recollection sorvea, ia 
form, what is hero writteu currespouds with what was there said. 



apprehended, euch a doctrine as thia appears almost 
fihocking to common sense. 

What, truly, can eeem to be more obviously different 
from one another, in faculty, in form, and in substance, 
than the various kinds of living beings ? What community 
of faculty can there be between the brightly-coloured 
lichen, "which eo nearly rescmblea a mere mineral in- 
crustation of the bare rock on which it grows, and the 
painter, to whom it is instinct with beauty, or the 
botanist, whom it feeds with knowledge ? 

Again, think of the microscopic fungus — a mere infi- 
nitesimal ovoid particle, which finds space and duration 
enough to multiply into countless mOlions in the body 
of a living fly ; and then of the wealth of foliage, the 
luxuriance of flower and fmit, which lies between this 
bald sketch of a plant and the giant pine of California, 
towering to the dimensions of a cathedral spire, or the 
Indian fig, which covers acres with its profound shadow, 
and endures while nations and empires come and go 
around its vast circumference. Or, turning to the other 
half of the world of life, picture to yourselves the great 
Finner whale, hugcst of beasts that live, or have Uved, 
diqxirting his eighty or ninety feet of bone, muscle, and 
blubber, with easy roll, among waves in which the 
stoutest ship that ever left dockyard would founder 
hopelessly; and contrast him with the invisible animal- 
cnles — mere gelatinous specks, multitudes of whieh could, 
in fact, dance upon the point of a needle with the same 
ease aa the angels of the JSchoolmen could, in imagination. 
With these images before your minds, you may well ask, 
vhat community of form, or structure, is there between 
the animalcule and the whale ; or between the fungus and 
the fig-tree ? And, d, fortiori, between all four 1 

Finally, if we regard substance, or material composi- 
tion, what hidden boud can connect the flower which a 
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-irl wears in her hair ajid the blood which courses 
through her youthful veins ; or, what is there in common 
between the dense and resisting mass of the oak, or the 
strong ftibric of the tortoise, and those broad disks of 
glassy jelly which may be seen pulsating through the 
waters of a calm sea, but which drain away to mere films 
in the hand which raises them out of their element ? 

Such objections as these must, I think, arise in the 
mind of every one who ponders, for the first time, upon 
the conception of a single physical basis of life under- 
lying all the diversities of vital existence ; but I propose 
to demonstrate to you that, notwithstanding these 
apparent difficulties, a, threefold unity — namely, a unity 
of power or faculty, a unity of form, and a unity of 
substantial composition — does pervade the whole living 
world. 

No very abstruse argumentation is needed, in the first 
place, to prove that the powers, or faculties, of all kinds 
of living matter, diverse as they may be in degree, are 
substantially similar in kind. 

Goethe has condensed a survey of all the powers of 
mankind into the well-known epigram : — 

" Warum treibt sich das Volk so und schreit 1 Es will sich emahren 
Kinder zeugen, und die nabren so gut es vermag. 
♦ * * ♦ * 

Welter briDgt es kein Mensch, stell' er sich wie er auch wilL" 

In physiological language this means, that all the 
multifarious and complicated activities of man are 
comprehensible under three categories. Either they arc 
immediately directed towards the maintenance and deve- 
lopment of the body, or they effect transitory changes 
in the relative positions of parts of the body, or they tend 
towards the continuance of the species. Even those mani- 
festations of intellect, of feeling, and of will, which we 
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rightly name the higher faculties, are not excluded from 
this classification, inasmuch as to every one but the subject 
of them, they are known only as transitory changes in 
the relative positions of parts of the body. Speech, 
gesture, and every other form of human action are, in 
the long run, resolvable into muscular contraction, and 
muscular contraction is but a transitory change in the 
relative positions of the parts of a muscle. But the 
scheme which is large enough to embrace the activities 
of the highest form of life, covers all those of the lower 
creatures. The lowest plant, or animalcule, feeds, grows, 
and reproduces its kind. In addition, all animals manifest 
those transitory changes of form which we class under 
irritability and contractility; and, it is more than 
probable, that when the vegetable world is thoroughly 
explored, we shaU find all plants in possession of the 
same powers, at one time or other of their existence. 
I am not now alluding to such phsenomena, at once 
rare and conspicuous, as those exhibited by the leaflets 
of the sensitive plant, or the stamens of the barberry, 
but to much more widely-spread, and, at the same time, 
more subtle and hidden, manifestations of vegetable 
contractility. You are doubtless aware that the common 
nettle owes its stinging property to the innumerable stiff 
and needle-like, though exquisitely delicate, hairs which 
cover its surface. Each stinging-needle tapers from a 
broad base to a slender summit, which, though rounded 
at the end, is of such microscopic fineness that it readily 
penetrates, and breaks off" in, the skin. The whole hair 
consists of a very delicate outer case of wood, closely 
applied to the inner surface of which is a layer of semi- 
fl^d matter, fuU of innumerable granules of extreme 
minuteness. This semi-fluid lining is protoplasm, which 
thus constitutes a kind of bag, full of a limpid liquid, 
and roughly corresponding in form with the interior of 
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the hair which it fills. When viewed with a sufficiently 
high magnifying power, the protoplasmic layer of the 
nettle hair is seen to be in a condition of unceasing 
activity. Local contractiona of the whole thickness of 
its substance pass slowly and gradually from point to 
point, and give rise to the appearance of progressive 
waves, just as the bending of successive stalks of corn by 
a breeze produces the apparent billows of a corn-field. 

But, in addition to these movements, and independently 
of them, the granules are driven, in relatively rapid 
streams, through channels in the protoplasm which seem 
to have a considerable amount of persistence. Most 
commonly, the currents in adjacent parts of the proto- 
plasm take similar directions ; and, thus, there is a 
general stream up one side of the hair and down the 
other. But this does not prevent the existence of partial 
currents which take different routes ; and sometimes, 
trains of granules may be seen coursing swiftly in 
opposite directions, within a twenty-thousandth of an 
inch of one another ; whUe, occasionsdly, opposite streams 
come into direct collision, and, after a longer or shorter 
struggle, one predominates. The cause of these currents 
seems to lie in contractions of the protoplasm which 
bounds the channels in which they flow, but which are 
so minute that the best microscopes show only their 
effects, and not themselves. 

The spectacle afforded by the wonderful energies 
prisoned within the compass of the microscopic hair 
of a plant, which we commonly regard as a merely 
passive organism, is not easily forgotten by one who has 
watched its display, continued hour after hour, without 
pause or sign of weakening. The possible complexity 
of many other organic forms, seemingly as simple as 
the protoplasm of the nettle, dawns upon one; and the 
comparison of such a protoplasm to a body with an 



internal circulation, which has been put forward by an 
eminent physiologist, loses much of its startling character. 
Currents similar to those of the hairs of the nettle have 
been observed in a great multitude of very different 
plants, and weighty authorities have suggested that they 
probably occur, in more or less perfection, in all young 
vegetable cells. If such be the case, the wonderful 
noonday silence of a tropical forest is, after all, due only 
to the dulness of our hearing ; and could our ears catch 
the murmur of these tiny Maelstroms, as they whirl in 
the innumerable myriads of living cells which constitute 
each tree, we should be stunned, aa with the roar of 
a great city. 

Among the lower plants, it is the rule rather than the 
exception, that contractility should be still more openly 
manifested at some periods of their existenca The 
protoplasm of Algfs and Fungi becomes, under many 
circumstances, partially, or completely, freed from its 
woody case, and exhibits movements of its whole miiss, 
pr is propelled by the contractility of one, or more, hair- 
like prolongations of its body, which are called vibratile 
cilia. And, so far as the conditions of the manifestation 
of the phEenomena of contractility have yet been studied, 
they are the same for the plant as for the animal Heat 
and electric shocks influence both, and in the same way, 
though it may be in different degrees. It is by no means 
my intention to suggest that there is no difference in 
faculty between the lowest plant and the highest, or 
between plants and animals. But the difference between 
the powers of the lowest plant, or animal, and those of 
the highest, is one of degree, not of kind, and depends, 
as Milne-Edwards long ago so well pointed out, upon 
the extent to which the principle of the division of 
labour is carried out in the living economy. In the 
lowest organism all parts are competent to perform all 
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functions, and one and the same portion of proto- 
plasm may successively take on the fimction of feeding, 
moving, or reproducing apparatus. In the highest, on 
the contrary, a great number of parts combine to per- 
form each function, each part doing its allotted share of 
the work with great accuracy and efficiency, but being 
useless for any other purpose. 

On the other hand, notwithstanding all the funda- 
mental resemblances which exist between the powers of 
the protoplasm in plants and in animals, they present 
a striking difference (to which I shall advert more at 
length presently), in the fact that plants can manufacture 
fresh protoplasm out of mineral compounds, whereas 
animals are obliged to procure it ready made, and hence, 
in the long run, depend upon plants. Upon what con- 
dition this difference in the powers of the two great 
divisions of the world of life depends, nothing is at 
present known. 

With such qualification as arises out of the last- 
mentioned fact, it may be truly said that the acts of all 
living things are fundamentally one. Is any such unity 
predicable of their forms ? Let us seek in easily verified 
facts for a reply to this question. If a drop of blood be 
drawn by pricking one's finger, and viewed with proper 
precautions and under a sufficiently high microscopic 
power, there will be seen, among the innumerable mul- 
titude of little, circular, discoidal bodies, or corpuscle^ 
which float in it and give it its colour, a comparatively 
small number of colourless corpuscles, of somewhat larger 
size and very irregular shape. If the drop of blood be 
kept at the temperature of the body, these colourless 
corpuscles will be seen to exhibit a marvellous activity, 
changing their forms with great rapidity, drawing in 
and thrusting out prolongations of their substance^ and 
creeping about as if they were independent organisms. 
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. ' The substance which is thus active is a mass of proto- 
plasm, and its activity differs in detail, rather than in 
principle, from that of the protoplasm of the nettle. 
Under sundry circumstances the corpuscle dies and 
becomes distended into a round mass, in the midst of 
which is seen a smaller spherical body, which existed, 
but was more or less hidden, in the living corpuscle, and 
is called its nucleus. Corpuscles of essentially similar 
structure are to be found in the skin, in the lining of the 
mouth, and scattered through the whole framework of 
the body. Nay, more ; in the earliest condition of the 
human organism, in that state in which it has but just 
become distinguishable from the egg in which it arises, 
it is nothing but an aggregation of such corpuscles, and 
every organ of the body was, once, no more than such 
an aggregation. 

Thus a nucleated mass of protoplasm turns out to be 
what may be termed the structural unit of the human 
body. As a matter of fact, the body, in its earliest state, 
is a mere multiple of such units ; and, in its perfect con- 
dition, it is a multiple of such units, variously modified. 

But does the formula which expresses the essential 
structural character of the highest animal cover all the 
rest, as the statement of its powers and faculties covered 
that of aU others? Very nearly. Beast and fowl, 
reptile and fish, moUusk, worm, and polype, are all com- 
posed of structural imits of the same character, namely, 
masses of protoplasm with a nucleus. There are sundry 
very low animals, each of which, structurally, is a mere 
colourless blood-corpuscle, leading an independent life. 
But, at the very bottom of the animal scale, even thi«? 
simpUcity becomes simplified, and all the phaenomena oi 
life are manifested by a particle of protoplasm without a 
nucleus. Nor are such organisms insigniticant by reason 
of. their want of complexity. It is a fair question 
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whether the protoplasm of those simplest forms of life, 
which people an immense extent of the bottom of the 
sea, would not outweigh that of all the higher living 
beings which inhabit the land put together. And in 
ancient times, no less than at the present day, such 
living beings as these have been the greatest of rock 
bmldera. 

What has been said of the animal world is no less true 
of plants. Imbedded in the protoplasm at the broad, or 
attached, end of the nettle hair, there lies a spheroidal 
nucleus. Careful examination further ])roves that the 
whole substance of the nettle is made up of a repetition 
of such masses of nucleated protoplasm, each contained 
in a wooden case, which is modified in form, Eometimes 
into a woody fibre, sometimes into a duct or spiral vessel, 
sometimes into a pollen grain, or an ovule. Traced back 
to its earliest state, the nettle arises as the man does, in 
a particle of nucleated protoplasm. And in the lowest 
plants, as in the lowest animals, a single mass of such 
protoplasm may constitute the whole plant, or the photo- 
plasm may exist without a nucleus. 

Under these circumstances it may well be asked, how 
is one mass of non-uucleated protoplasm to be distin- 
guished from another? why call one "plant" and the 
other "animal" ? 

The only reply is that, so far as form is concerned, 
plants and animals are not separable, and that, in many 
eases, it is a mere matter of convention whether we call 
a given organism an animal or a plant. There is a living 
body called jEthalium, septicum, which appears upon 
decaying vegetable substances, and, in one of its forms, is 
common upon the surfaces of tan-pits. In this condition 
it is, to all intents and purposes, a fungus, and formerly 
was always regarded as such ; but the remarkable in- 
vostigationa of De Bary have shown that, in another 



condition, the ^thaUurn ia an actively locomotive crea- 
tnre, and takes in solid matters, upon which, apparently, 
it feeds, thus exhibiting the most characteristic feature 
of animality. Ia this a plant ; or is it an animal ? Is 
it both ; or is it neither ? Some decide in favour of the 
last supposition, and establish an intermediate kingdom, 
a sort of biological No Man's Land for all these ques- 
tionable forms. But, as it ia admittedly impossible to 
draw any distinct boundary line between this no man's 
land and the vegetable world on the one hand, or the 
ftnimal, on the other, it appears to me that this pro- 
ceeding merely doubles the difficulty which, before, was 
flingle. 

Protoplasm, simple or nucleated, is the formal basis of 
all life. It is the clay of the potter : which, bake it and 
paint it as he will, remains clay, separated by artiSce, 
and not by nature, from the commonest brick or sun- 
dried clod. 

Thus it becomes clear that all living powers are 
cognate, and that all living forms are fundamentally of 
one character. The researches of the chemist have 
revealed a no less striking uniformity of material com- 
position in living matter. 

In perfect strictness, it is true that chemical inves- 
tigation can tell us Httle or nothing, directly, ol' the 
composition of living matter, inasmuch as such matter 
must needs die in the act of analysis, — and upon this 
very obvious ground, objections, which I confess seem to 
me to be somewhat fiivolous, have been raised to the 
drawing of any conclusions whatever respecting the 
composition of actually living matter, from that of the 
dead matter of life, which alone is accessible to us. But 
objectors of this class do not seem to reflect that it is 
also, in strictness, true that we know nothing about tho 
ecmiposition of any body whatever, as it is. The state- 
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ment that a crystal of calc-spar consists of carbonate of 
lime, is quite true, if we only mean that, by appropriate 
processes, it may be resolved into carbonic acid and 
quicklime. If you pass the same carbonic acid over the 
very quicklime thus obtained, you will obtain carbonate 
of lime again ; but it will not be calc-spar, nor anything 
like it. Can it, therefore, be said that chemical analysis 
teaches nothing about the chemical composition of calc- 
spar ? Such a statement would be absurd ; but it is 
hardly more so than the talk one occasionally hears 
about the uselessness of appljdng the results of chemical 
analysis to the living bodies which have yielded thenou 

One fact, at any rate, is out of reach of such refine- 
ments, and this is, that all the forms of protoplasm 
which have yet been examined contain the four elements, 
carbon, hydrogen, oxygen, and nitrogen, in very complex 
imion, and that they behave similarly towards several 
reagents. To this complex combination, the nature of 
which has never been determined with exactness, the 
name of Protein has been applied. And if we use this 
term with such caution as may properly arise out of our 
comparative ignorance of the things for which it stands, 
it may be truly said, that all protoplasm is proteinaceous , 
or, as the white, or albumen, of an egg is one of the 
commonest examples of a nearly pure proteine matter; 
we may say that all livmg matter is more or less 
albuminoid. 

Perhaps it would not yet be safe to say that all forms 
of protoplasm are affected by the direct action of electric 
shocks ; and yet the number of cases in which the 
contraction ot protoplasm is shown to be effected by this 
agency increases every day. 

Nor can it be affirmed with perfect confidence, that all 
forms of protoplasm are liable to undergo that peculiar 
coagulation at a temperature of 40* — 50* centigrade^ 
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whicli Las been called *' heat-stiffening," though Ktihne's 
beautiful researches have proved this occurrence to take 
place in so many and such diverse living beings, that it 
is hardly rash to expect that the law holds good for all. 

Enough has, perhaps, been said to prove the existeuce 
of a general uniformity in the character of the proto- 
plasm, or physical basis, of life, in whatever group of 
living beings it may be studied. But it wiU be under- 
stood that this general imiformity by no means excludes 
any amount of special modifications of the fundamental 
substance. The mineral, carbonate of lime, assumes an 
immense diversity of characters, though no one doubts 
that, under all these Brotean changes, it is one and the 
same thing. 

And now, what is the ultimate fate, and what the 
origin, of the matter of life ? 

Is it, as some of the older naturalists supposed, 
diffused throughout the universe in molecules, which are 
indestructible and unchangeable in themselves ; but, in 
endless transmigration, unite in innumerable permu- 
tations, into the diversified forms of life we know ? Or, 
is the matter of life composed of ordinary matter, 
differing from it only in the manner in which its atoms 
are aggregated ? Is it built up of ordinary matter^ and 
again resolved into ordinary matter, when its work is 
done? 

Modem science does not hesitate a moment between 
these alternatives. Physiology writes over the portals of 
life— 

**Debemuymorti DOS nostraque,'* 

with a profoundier meaning than theEoman poet attached 
to that melancholy line. Under whatever disguise it 
takes refuge, whether fungus or oak, worm or man, the 

K 2 



l.">3 gnj Strmous, Csssjs, mb giWtlns, 



[vn 



living protoplasm not only ultimately dies and is resolved 
into its mineral and lifeless constituents, but is always 
dying, and, strange as the paradox may sound, could not 
live unless it died. 

In the wonderful story of the "Peau de Chagrin," 
t^e hero becomes possessed of a magical wild ass' slcin, 
which yields him the means of gratifying all his wishes. 
But its surface represents the duration of the proprietor's 
life ; and for every satisfied desire the skin shrinks in 
proportion to the intensity of fruition, until at length 
life and the last handbreadth of the pcau de chagrin 
disappear with the gratification of a last wish. 

Balzac's studies had led him over a wide range of 
thought and speculation, and his shadowing form of 
physiological truth in this strange story may have been 
intentional. At any rate, the matter of life is a veritable 
peau de ckagnn, and for every vital act it is somewhat 
the smaller. All work implies waste, and the work of 
life results, directly or indirectly, in the waste of pro- 
toplasm. 

Every word uttered by a speaker costs him some 
physical loss; and, in the strictest sense, he burns that 
others may have light — so much eloquence, so much of 
his body resolved into carbonic acid, water, and urea. 
It is clear that this process of expenditure cannot go on 
for ever. But, happily, the protoplasmic ^eaw de chagrinf 
differs from Balzac's in its capacity of being repaired, smi- 
brought back to its full size, after every exertion. 

For examplCj this present lecture, whatever its intel- 
lectual worth to yoa, has a certain physical value to me, 
which is, conceivably, expressible by the number of'^ 
grains of protoplasm and other bodily substance wasted 
in maintaining my vital processes during its delivery. 
My pcau de chagrin will be distinctly smaller at the end 
of the discourse than it was at the beginning. By and 
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By, I shall probably have recourse to the substance com- 
monly called mutton, for the purpose of Btretching it 
back to its orij^mal size. Now this mutton was once 
the living protoplasm, more or less modified, of another 
animal — a sheep. As I shall eat it, it is the same matter 
altered, not oiUy by death, but by exposure to sundry 
artificial operations iu the process of cooking. 

iEut these changes, whatever be their extent, have not 
ndei'ed it incompetent to resume its old functions as 
atter of Hfe. A singular inwai'd laboratory, which I 
possess, will dissolve'a certain portion of the modified 
protoplasm ; the solution so formed will pass into my 
veins ; and the subtle influences to which it will then be 
subjected will convert the dead protoplasm into living 
protoplasm, and transubstantiate rheep into man. 

Nor is this all If digestion were a thing to be trifled 
with, I might sup upon lobster, and the matter of life of 
the crustacean would undergo the same wonderful meta- 
moi-phosis into humanity. And were I to return to my 
own place by sea, and undergo shipwreck, the crustacea 
might, and probably would, i-eturn the compliment, and 
demonstrate our common nature by turning my proto- 
plasm into living lobster. Or, if nothing better were to 
be had, I might supply my wants with mere bread, and 
I should find the protoplasm of the wheat-plant to be 
convertible into man, with no more trouble than that 
of the sheep, and with far less, I fancy, than that of 
the lobster. 

Hence it appears to Be a matter of no great' moment 

'lat animal, or what plant, I lay under contribution for 

j)laBm, and the fcct speaks volumes for the general 

ntity of that substance in all living beings. 1 share 

catholicity of assimilation with other animals, all of 

:h, so far as we know, could thrive equally well on 

B protoplasm of any of their fellows, or of any plant ;. 
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but here tljc nssiiuilntive powers of the animal world 
cease. A Bolution of EmeU^lg-8^1ts in water, with an 
infinitesimal proportion of some other saline matters, 
contains all the elementary bodies which enter into the 
composition of protoplasm ; but, as I need hardly sajj a 
hogshead of that fluid would not keep a hungry man from 
starving, nor would it save any animal whatever from a 
like fate. An animal cannot make protoplasm, but must 
take it ready-made from some other animal, or some 
plant — the animal's highest feat of constructive chemistry 
being to convert dead protoplasm into that liying matter 
of life which is appropriate to itse]£ 

Therefore, in seeking for the origin of protoplasm, we 
must eventually turn to the vegetable world. The fluid 
containing carbonic acid, water, and ammonia, which 
offers -such a BaiTnecide feast to the animal, is .a table 
richly spread to multitudes of planta ; and, with a due 
supply of only such materials, many aplant will not only 
maintain itself in vigour, but grow and multiply until it 
has increased a miUion-fold, or a million million-fold, the 
quantity of protoplasm which it originally possessed; in 
this way budding up the matter of life, to an indefinite- 
extent, from the common matter of the universa 

Thus, the animal can only raise the complex Bub-i 
stance of dead protoplasm to the higher power, as one 
may say, of living protoplasm ; while the plant can raisa 
the less complex substances — carbonic acid, 'watec, and 
ammonia — to the same stage of living protoplasm, if notj 
to the same level. But the plant also has its limitations.' 
Some of the fungi, for example, appear to need higher 
■oompounds.to start witli ; and no known plant -can live ^ 
upon the uncompomided elements of protoplasm. A 
.plant supplied with pure carbon, hydrogen, -oxygen,! 
and niti'ogen, phosphorus, sulphur, and the like, would 
.aj.iufallibiy die. as. the anumU in his bath of smelling-' 



salts, tbough it t^-ouM be smrcmrirlccl by all the consti- 
tuents of protoplasm. Nor, indeed, need the process of 
aimplifieation of vegetable food be carried so far as this, 
in order to arrive at the limit of the plant's thaumaturgy. 
Let water, carbonic acid, and all the other needful con- 
stituents be supplied with ammonia, and an ordinary 
plant win still be unable to manufacture protoplasm. 

Thus the matter of life, so far as we Lnow it (and we 
have no right to speculate on any other), breaks up, in 
consequence of that continual death which is the con- 
dition of its manifesting vitality, into cai-bonic acid, 
water, and ammonia, which certainly possess no proper- 
ties but those of ordinaiy matter. And out of theee 
same forms of ordinary matter, and from none which 
are simpler, the vegetable world builds up all the proto- 
plasm which keeps the animal world a-going. Plants are 
the accumulators of the power which animals distribute 
and disperse. 

But it win be observed, that the existence of the 
matter of life depends on the pre-existence of certain 
compounds ; namely, carbonic acid, water, and ammonia. 
"Withdraw any one of these three from the world, and all 
vital phcenomcna come to an end. They are related 
to the protoplasm of the plant, as the protoplasm of the 
plant is to that of the animal. Carbon, hydrogen, oxygen, 
and nitrogen ai'e all lifeless bodies. Of these, carbon 
and oxygen unite, in certain proportions and under" 
certain conditions, to give rise to carbonic acid ; 
hydrogen and oxygen produce water ; nitrogen and 
hj^drogen give rise to ammonia. These new compounds, 
like the elemeutaiy bodies of which they are composed, 
are lifeless. But when they are brought together, 
tinder certain conditions they give rise to the still 
more complex body, protoplasm, and this protoplasm 
exhibits the phaiuomena of life. 
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I see no break in this eeries of steps in molecular 
(implication, and I am unable to understand why the 
language which is applicable to any one term of the 
aeries may not be used to any of the othera. We think 
fit to cdl different kinds of matter carbon, oxygen, 
hydrogen, and nitrogen, and to speak of the various 
powers and activities of these substances as the pro- 
perties of the matter of which they are composed. 

When hydrogen and oxygen are mixed in a eertaiii 
proportion, and an electric spark is passed through them, 
they disappear, and a quantity of water, equal in weight 
t<i the sum of their weights, appears in their place. 
There is not the slightest parity betwooa the passive and 
active powers of the waters and those of the oxygen and 
hydrogen which have given rise to it. At 32° Fahrenheit, 
and far below that temperature, oxygen and hydrogen 
are elastic gaseous bodies, whose paiticles tend to rash 
away from one another with great force. Water, at the 
same temperature, is a strong though brittle solid, whose 
particles tend to cohere into definite geometrical shapes, 
and sometimes build up frosty imitations of the most 
complex forms of vegetable foliage. 

Nevertheless we call these, and many other strange 
phaenomena., the properties of the water, and we do not 
hesitate to believe that, in some way or another, they 
result from the properties of the component elements of 
.the water. We do not assume that a something called 
"aquosity" entered into and took possession of the oxide 
of hydrogen as soon as it was formed, and then guided 
the aqueous particles to their places in the facets of the 
crystal, or amongst the leaiiets of the hoar-frost. On the 
contrary, we live in the hope and in the faith that, by 
the advance of molecular physics, we shall by and by be 
able to see our way as clearly from the constituenta of 
water to the properties of water, as we are now able to 
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deduce the operations of a watch from the form of its 
barts and the manner in which they are put together. 
B la the case in any way changed when carbonic acid, 
Rrater, and ammonia disappear, and in their place, imder 
the influence of pre-esistitig living protoplasm, an 
equivalent weight of the matter of life makes its 
appearance ? 
t It is true that there is no sort of parity between the 
^poperties of the components and the properties of the 
gffesultant, but neither was there in the case of the water. 
It is also true that what I have spoken of aa the in- 
fluence of pre-existing living matter ia somcthiEg quite 
unintelligible ; but does anybody quite comprehend the 
iodus operandi of an electric spark, which traverses a 
Ixture of oxygen and hydrogen ? 

"What justification ia there, then, for the assumption of 
e existence in the living matter of a something which 
e no representative, or correlative, in the not living 
atter which gave rise to it ? What better phUoaophical 
itus has " vitality " than " aquosity " 1 And why 
Quid "vitality" hope for a better fate than the other 
itys" which have disappeared since Martinus Serihlerus 
Kounted for the operation of the meat-jack by its 
' lerent " meat^roasting quality," and scorned the 
materialism" of those who explained the turning of the 
lit by a certain mechanism worked by the draught of 
Le chimney ? 

If scientific language 13 to possess a definite and 
matant signification whenever it is employed, it seems 
me that we are logically bound to apply to the 
itoplaem, or physical basis of life, the same concep- 
ons as those which are held to be legitimate elsewhere, 
the phsenoraena exhibited by water are its properties, 
are those presented by protoplasm, living or dead, ita 
jperties. 



If the properties of water may be prnpetly said to 
result from the nature and disposition of its component 
molecules, I can find no intelligible ground for refusing 
to say that the propcrtios of protoplasm result fi'om the 
nature and disposition of its molecules. 

But I bid you beware that, in accepting these conclu- 
sions, you are placing your feet on the first rung of a, 
ladder which, in most people's estimation, is the reverse 
of Jacob's, and leads to the antipodes of heaven. It may 
seem a small thing to admit that the dull vital actions 
of a fungus, or a foraminifer, are the properties of their 
protoplasm, and are the direct results of the nature of the 
matter of which they are composed. But if, as I have 
endeavoured to prove to yon, their protoplasm is essen- 
tially identical with, and most readily converted into, 
that of any animal, I can discover no logical halting- 
place between the admission that such is the case, and 
the further concession that all vital action may, with 
equal propriety, be said to be the result of the molecular' 
forces of the protoplafim which displays it. And if so, 
it must be true, in the same sense and to the same 
extent, that the thoughts to which I am now giving 
utterance, and your thoughts regarding them, are the 
expression of molecular changes in that matter of life 
which is the source of our other vital pbaiuomena. 

Past experience leads me to be tolerably certain that, 
when the propositions I have just placed before you are 
accessible to public comment and criticism, they will be 
condemned by many zealous persons, and perhaps by 
some few of the wise and thoughtful. I should not 
wonder if "gross and brutal materialism" were the 
mildest phrase applied to them in certain quarters. 
And, most undoubtedly, the termis of the propositions are 
distinctly materialistia Nevertheless two things ara 



certain : tie one, tliat I hoH t!ie statements to be sub- 
stantially tree ; the other, that I, individually, am no] 
materialist, but, on the ecntiary, believe materialism to' 
involve grave philosophical error. 

This union of materialistic terminology with the repu-' 
cHation of materialistic philosophy I share with some of 
the most tlioughtful men with whom I am acquainted. 
And, when I first undertool: to deliver the prescat 
discourse, it appeared to me to be a fitting opportunity 
to explain how such a union is not only consistent with, 
but necessitated by, sound logic. I purposed to lead you 
through the territxiry of vital phicnomena to the material- 
istic slough in which you find yourselves now plunged, 
and then to point out to you the sole path by which, in' 
my judgment, extrication is possible. 

An occurrence of which I was unawaro nntQ my 
arrival here last night renders this line of argument 
singularly opportune. I found in your pnpers the 
eloquent adtlrcss *' On the Limits of Philosophical 
Inquiry," which a distinguished prolate of the English 
' Church delivered before the members of the Pliiloso- 
' phical Institution on the previous day. Jly argument, 
also, turns upon this very point of the limits of philo- 
Bophical inquiry ; and I cannot bring out my own views 
better than by contrasting them with those so plainly 
and, in the main, faiily stated by the Archbishop of 
Torlr. 

But I may be permitted to make a preliminary con-, 
meat upon an occurrence that greatly astonished me. 
Applying the name of the "New Philosophy" to that 
(stimate of tlic limits of philosophical inquuy which I, 
in common with many other men of science, hold to be 
JDsti the Archbishop opens his address by identifying. 
tlii8''New Philosophy" with the Positive Philosophy of 
M. Comte (of whom he spealis as it3 * founder") ; and 
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then proceeds to attack that philosopher and his doctrines 
■vigorously. 

NoWj so far as I am concemsd, the most reverend 
prelate might dialectically hew M. Comte in pieces, aa a 
modern Agag, and I should not attempt to stay bia 
hand. In so far as my study of what specially charac- 
terises the Positive Philosophy has led me, I find therein 
little or nothing of any scientific value, and a great deal 
whicli is as thoroughly antagonistic to the very essence 
of science as anything in ultramontane CatholicianL In 
fact, il. Comte's philosophy in practice might be com- 
pendiously described as Catholicism mimes Christianity. 

But what has Cointisin to do with the "New Philo- 
sophy," as the Ai-chbishop defines it in the following 
e! 



"Let ma triefly remind you of the leading principles of this new 
philosophy. 

" All knowledge i'b experience of facts acquired by tte senses, 
traditions of older philosophies have ohscured our experience by mising. 
irith it much that the senses cannot observe, and until these additiaoB 
are discarded our knowledge is impure. Thus metaphysics tell us that' 
one fact which we observe is a cauee, and another ia the effect of that 
eanse; bat, upon a rigid analysis, we £nd that our senses observe, 
nothing of cause or effect; they observe, first, that one fuct succeeds 
another, and, after Bome opportunity, that this fact has never failed to 
follow — that for cause and eSect we ehould substitute invariable aoo- 
cession. An older philosophy teaches us to define an object by dis- 
tinguishing its essential from its accidental qualities i but experienoe 
knows nothing of essential and accidental ; she sees only that cettaiiL 
marks attach to an object, and, after many observations, tliat some dt 

them attach invariably, whilst others may at times be absent 

As all knowledge is relative, the notion of anything being necesaaij' 
must be banished with other ttaditiona." ^ 

There is much here that expresses the spirit of the' 
" New Philosophy," if by that term be meant the spirit 
of modern science; but I cannot but marvel that the 

J " The Limits of Philosopbioal Inquiry," pp. 4 and S. 



Rssemblod wisdom and learning of Edinburgh should 
have uttered no sign of dissent, when Comte was 
declared to be the founder of these doctrines. No one 
will accuse Scotchmen of habitually forgetting their 
CTeat countrymen ; but it was enough to make David 
Hume turn in his grave, thab here, ^most within ear- 
shot of his house, an instructed audience should have 
listened, without a murmur, while his moat characteristic 
doctrines were attributed to a French writer of fifty 
years later date, in whose dreary and verbose pages we 
tmss alike the vigour of thought and the exquisite clear- 
ness of style of the man whom I make bold to term the 
most acute thinker of the eighteenth centuiy — even 
though that centuiy produced Kant. 

But I did not come to Scotland to vindicate the 
honour of one of the greatest men she has ever produced. 
My business is to point out to you that the only way of 
escape out of the crass materialism in which we just 
now landed, is the adoption and strict working-out of 
the very principles which the Aichbishop holds up to 
reprobation. 

Let us suppose that knowledge is absolute, and not 
relative, and therefore, that our conception of matter 
represents that which it really is. Let us suppose, 
further, that we do know more of cause and effect than 
a certain definite order of succession among facts, and 
that we have a knowledge of the necessity of that succes- 
sion — and hence, of necessary laws — and I, for my part, 
do not see what escape there is from utter materialism 
and neeessarianism. For it is obvious that our know- 
ledge of what we call the material world is, to begin 
■with, at least as certain and definite aa that of the 
spiiitual world, and that our acquaintance with law ia of 
as old a date as our knowledge of spontaneity. Further, 

take it to be demonatrabie that it is utterly im 



to p]'ove that anythiDg whatever may not be the effect 
of a material and necessary cause, and that human logic 
is equally incompetent to prove that any act is 
reaUy spontaneous. A really spontaneous act is one 
which, by the assumption^ has no cause; and the attempt 
to prove such a negative as this is, on the face of the 
matter, absurd. And while it is thus a philosophical 
impossibility to demonstrate that any given phaDnomenon 
is not the effect of a material cause, any one who is 
acquainted with the history of science will admit,, that 
its progress has, in all ages, meant, and now^ more than 
ever, means, the extension of the province of what we 
call matter and causation, and the concomitant gradual 
banishment from all regions of human thought of what 
we call spirit and spontaneity. 

I have endeavoured, in the first part of this discourse, 
to give you a conception of the direction towards which 
modern physiology is tending ; and I ask you, what is 
the difference between the conception of life as the 
product of a certain disposition of material molecules, 
and the old notion of an Archseus governing and di- 
recting blind matter within each living body, except 
this — that here, as elsewhere, matter and law have de- 
voured spirit and spontaneity ? And as surely as every 
future grows out of past and present, so will the phy- 
siology of the future gradually extend the realm of 
matter and law until it is co-extensive with knowledge, 
with feeling, and with action. 

The cons(iiousnes3 of this great trutb weighs like a 
nightmare, I believe, upon many of the best minds of 
these days. They watch what they conceive to be the 
progress of materialism, in such fear and powerless anger 
as a savage feels, when, during an eclipse, the great 
shadow creeps over the face of the sun. The advancing 
tide of matter threatens to drown their souls ; the tights 



ening grasp of law impedes their frecdora ; they are 
alarmed lest man's moral catnre be debused by the 
increase of his wisdom. 

If the "New Philosophy" be worthy of the repro- 
batioQ with which it is visited, I confess their fears seem 
to me to be well founded. While, on the contrary, 
could David Hume be consulted, I think he would smile 
at their perplexities, and chide them for doing even as 
the heathen, and falling down in terror before the 
hideous idols their own hands have raised. 

For, after all, what do we know of this terrible 
" matter," except as a name for the unknown and hypo- 
thetic;'.] cause of states of our own consciousness i And 
what do we know of that "spirit" over whose threatened 
extinction by matter a great lamentation is arising, lite 
that which was heard at the death of Pan, except that 
it is also a name for an unknown and hypothetical cause, 
or condition, of states of consciousness 1 In other words, 
matter and spirit are but names for the imaglaary sub- 
strata of groups of natural phtenomena. 

And what is the dire necessity and "iron" law under 
which men groan ? Truly, most gratuitously invented 
bugbears. I suppose if there be an "iron" law, it is 
that of gravitation ; and if there be a physical necessity, 
it is that a stone, unsupported, must fiill to the ground. 
But what is all we really know, and can know, about the 
latter phcenomenon 1 Simply, that, in all human ex- 
perience, stones have fallen to the ground under these 
conditions ; that we have not the smallest reason for 
believing that any stone so circumstanced will not fall 
to the ground; and that we have, on the c^iitrary, every 
reason to believe that it will so fall It ia very con- 
venient to indicate. that all the conditions of beUef have 
been fulfilled in this c.tee, by calling the statement that 

isupported stones will\iall to the ground, "a law of 
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nature." But when, as commonly happens, we change 
mill into must, we introduce an idea of necessity whi™ 
most assuredly docs not lie in the observed facts, and 
has no warranty that I can discover elsewhere. For my 
part, I utterly repudiate and anathematize the intruder. 
Fact I know ; and Law I know ; but what is this Ne- 
cessity, save an empty shadow of my own miud'f 
throwing ? 

But, if it is certain that we can have no knowledge 
of the nature of either matter or spirit, and that tha 
notion of necessity is something illegitimately thrust 
into the perfectly legitimate conception of law, tha 
materialistic position thr.t there is nothing in the worH, 
but mutter, force, and necessity, is as utterly devoid d, 
justification as the most baseless of theological dog-na* 
The fundamental doctrines of materiaUsm, like those i 
spiritualism, and most other "isuis," lie outside "li 
limits of philosophical inquiry," and David Hume's grei 
service to humanity is his irrefi-agable demonstration < 
what these limits are, Hume called himself a scepti(^ 
and therefore others cannot be blamed if they apply tha 
same title to him ; but that does not alter the fncE that 
the name, with its existing implications, does him gross 
injustice. 

If a man asks me what the politics of the inhabitanta 
of the moon are, and I reply that I do not know ; that 
neither I, nor any one else, have any means of knowing; 
and that, under these circumstances, I decline to trouble 
myself about the subject at all, I do not think he has! 
any right to call me a sceptic On the contrary, in re- 
plying thus, I conceive that I am simply honest and 
truthful, and show a proper regard for the economy of 
time. So Hume's strong and subtle intellect takes up 
a great many problems about which we are naturally 
curious, and shows ua that they are essentially questions 



of lunar politics, in their essence inciipable of being 
answered, and therefore not worth the attention of men 
who have work to do in the world. And he thus ends 
one of his essays : — 

" If WB take in hand any Tolume of Divinity, or school metaphyaicB, 
for instance, let us ask, Does it contain any abiCracC reasoning ermeerning 
quantity or number ? No, Dotf it contain imy experiinental reasoni'ig 
eonceming matter of fact and existence i No, Commit it then to the 
flameB ; for it can contain nothing but eophistry and iUuaion." ■■ 

Permit me to enforce this most wise advice. Why 
trouble ourselves about matters of which, however im- 
portaut they may be, we do know nothing, and can 
know nothing ? We live in a world which is fuU of 
misery and ignorance, and the plain duty of each and 
all of us is to try to make the little corner he can in- 
fluence somewhat less miserable and somewhat less 
ignorant than it was before he entered it. To do this 
factually it is necessary to be fully possessed of only 
two beliefs : the first, that the order of nature is ascer- 
tainable by our faculties to an estent which is practically 
unlimited ; the second, that our volition counts for some- 
thing as a condition of the course of events. 

Each of these beliefs can be verified experimentally, 
as often as we Uke to try. Each, therefore, stands upon 
the strongest foundation upon which any belief can rest, 
and forms one of our highest truths. If we find that 
the ascertainment of the order of nature is facilitated 
by using one terminology, or one set of symbols, rather 
than another, it is our clear duty to use the former ; and 
no harm can accrue, so long as we bear in mind, that we 
fire dealing merely with terms and symbols. 
. In itself it is of little moment whether we express 
\ tlie phenomena of matter in terms of spirit ; or the 

I ' Hume's Easay "Of the Academical or Sceptical Philosophy," in t^e 
:l hiquirj concerning the Human Understanding," 
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pliEeiiomena of spirit, in terms of matter : matter may 
be regarded as a form of thought, thought may be re- 
garded aa a property of matter — each statement has a 
certain relative truth. But with a view to the progress; 
of science, the materialistic terminology is in every way' 
to be preferred. For it connects thought with the otheTj 
phsenomena of the universe, and suggesta inquiry into 
the nature of those physical conditions, or concomitantft 
of thought, which are more or less accessible to us, and: 
a knowledge of which may, in future, help ua to esercise 
the same kind of control over the world of thought, aa 
we already possess in respect of the material world 
whereaS) the alternative, or spiritualistic, terminology i 
utterly barren, and leads to nothing but obscurity am 
confusion of ideas. 

Thus there can be little doubt, that the further scieno 
advances, the more extensively and consistently will aJ 
the phrenomena of nature be represented by materialisti 
formula3 and symbols. 

But the man of science, who, forgetting the limits o 
philosophical inquiry, slides from these formulae anc 
^mbols into what ia commonly understood by mato< 
rialism, seems to me to place himself on a level with 
the mathematician, who should mistake the x's and i/a 
with which he works his problems, for real entities — and 
with this further disadvantage, as compared with the 
mathematician, that the blunders of the latter are <rf_ 
no practical consequence, while the errors of systeir 
materialism may paralyse the energies and destroy 
beauty of a life. 



VIIL 
THE SCIENTIFIC ASPECTS. 0F_ POSITIVISM. 

T is now some sixteen or seventeen years since I became 
.cquainted with the " Philosophic Positive," the " Dis- 
lours siir TEnsemble du Positivisme," and the " Politique 
i^ositive" of Anguste Comte. I was led to study these 
rorks partly by the allusions to them in Mr. Mills 
'Logic/' partly by the recommendation of a dis- 
inguished theologian, and partly by the urgency of a 
valued friend, the late Professor Henfrey, who looked 
ipon M. Comte's bulky volumes as a mine of wisdom, 
ind lent them to me that I might dig and be rich. 
Lfter due perusal, I found myself in a position to echo 
ay friend's words, though I may have laid more stress 
m the " mine" than on the " wisdom." For I found 
ihe veins of ore few and far between, and the rock so 
ipt to run to mud, that one incurred the risk of being 
ntellectually smothered in the working. Still, as I 
WBs glad to acknowledge, I did come to a nugget here 
flmd there ; though not, so far as my experience went^ 
ia the discussions on the philosophy of the physical 
Bciences, but in the chapters on speculative and practical 
sociology. In these there was indeed much to arouse 
ibe Uvelieat interest in one whose boat had broken away 
from the old moorings, and who had been content " to 
lay out an anchor by the stern" until daylight should 

L 2 
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break ani3 the fog clear. Nothing could be more inter- 
esting to a student of biology than to see the studj 
of the biological sciences laid down, as an essential part 
of the prolegomena of a new view of social phienomem^ 
Nothing could be more satisfactory to a worshipper oj 
the severe truthfulness of science than the attempt tc 
dispense with all beliefs, save such as could brave the) 
Ught, and seek, rather than fear, criticism ; while, to ^'. 
lover of courage and outspokenness, nothing could bd 
more touching than the placid annouDcement on theu 
title-page of the " Discours sur I'Enaemble du Positi-j 
risrae," that its author proposed 

" E^organiser, sans Dieu ni rol. 
Par le ciilte sy stoma tiquo de riltiniaiiit^," 

tlie shattered frame of modem society. 

In those days I knew my " Faust " pretty well, ancj 
after reading this word of might, I was minded b 
chant the well-known stanzas of the " Geisterchor" — 

" Weh I Weh ! 
Die achiine welt 
Sie sturzt, sie zerfallt 
"Wir tr^ea 

Die Tritomern ina Mchts liiniiber 
Mathtiget 
Dot Erdensiilme 
Ptticlitiger, 
Baue Bie wieder 
In deinem Eusene bane aie auf." 

Great, however, was my perplexity, not to say disap- 
pointment, as I followed the progress of this "mighty' 
son of earth" in his work of reconstruction. Un- 
doubtedly "Dieu" disappeared, but the "Nouveaa 
Grand-Etre Supreme," a gigantic fetish, turned out bran- 
new by M. Comte'a own hands, reigned in his stflad. 
"Eoi" also was not heard of; but, in his place, 1 found 



a mmutely-defined social organization, ■whicli, if it ever 
came into practice, would exert a despotic authority 
such as no sultan has rivalled, and no Puritan presbytery, 
in its palmiest days, could hope to csceL While as for 
the "culte systematique de I'Huuianite," I, in my blind- 
ness, could not distinguish it from slieer Popery, with 
M. Comte in the chair of St Peter, and the names of 
moat of the saints changed. To quote "Faust" again, 
I found myself saying with Gretchen, — 



Rightly or wrongly, this was the impression which, all 
those yeara ago, the study of M. Comte's works left on 
my mind, combined with the conviction, which I shall 
always be thankful to him for awakening in me, that 
the organization of society upon a new and purely 
scientific basis is not only practicable, but is the only 
political object much worth fighting for. 

As I have said, that part of M. Comte's writings 
which deals with the philosophy of physical science 
appeared to me to possess singularly . little value, and 
to show that he had but the most superficial, and merely 
second-hand, knowledge of most branches of what is 
usually understood by science. I do not mean by this 
merely to say that Comte was behind our present know- 
ledge, or that he waa unaequainted with the details of 
the science of his own day. No one could justly make 
Buch defects cause of complaint in a philosophical write- 
of the past generation. What struck me was his want of 
apprehension of the great features of science ; his strange 
mistakes as to the merits of his scientific contemporaries ; 
and his ludicrously erroneous notions about the part which 
Bome of the scientific doctrines current in his time were 
destined to play in the future. With these impressions 
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in my mind, no one will he surprised if I aeknowle(3ge 
that, for these sixteen years, it has been a periodical 
source of irritation to me to find M, Comte put forward 
03 a representative of scientific thought ; and to observe 
that writers whose philosophy had its legitimate parent 
in Hume, or in themselves, were labelled "Comtists" or 
"Positivists" by public writers, even in spite of vehe- 
ment protests to the contrary. It has cost Mr. MUl 
hard rubbings to get that label off; and I watch Mr. 
Spencer, as one regards a good man struggling with 
adversity, still engaged in eluding its adhesiveness, and 
ready to tear away skin and all, rather than let it stick. 
My own turn might come nest ; and therefore, when 
an eminent prelate the other day gave currency and 
authority to the popular confusion, I took an oppor- 
tunity of incidentally re\-indieating Hume's property ir 
the so-called "New Philosophy," and, at the same tim^ 
of repudiating Comtism on my own behaK^ 



^ I am glad to observe that Mr. Con^Tere, in the ctlticism witli which ha 
has favoured roe in the number of the Fortniyhlly Etvievi for ApriJ 1869, do» 
not venture tochallengethe justice of the cltum I made for Hume. HeTaerely 
euggeata that I have been wanting in cnndour in not mentiocing Comte's biRh 
opinion of Home. After mitura reflection I am. unable Us discern my fiitilL 
If I had suggested that Comte had borrowed from Hume without acknowledg- 
ment ; or it, instead of trying to express my own sense of Hume'E merits wi3i 
the modesty which becomes a writer who has no authority in matters of philo- 
sophy, I had affirmed that no one had properly appreoiatod him, Mr.CongrBve's 
temaika would apply : but aa I did neither of these things, they appear to 
me to be irrevelojit, if not unjustifiable. And even bad it occurred to me to 
quote M. Comte's expressions about Home, I do not know tliat I lihould have 
cited tiiem, inasmuch as, on his own showiog, M. Oomte occasionaUy speaks 
very decidedly touching^ writers of whose works he has not read aline. Thus, 
In Tome VI. of the "Philoaophie Positive," p. 611), M. Comte writes: "La 
plus grand dea mfetaphysiciena raodemos, I'iUastre Kant, a noblement minti 
une iterneUe admiration en tentant, la premier, d'fiehapper dirertement i 
I'libsolu philosophiqiie par sa calibre conception de la double r^alitL^, h la 
Ibln objective et subjoclive, qui indiquo un si Justs se.itinient de la saine 
phlloBophio,'' 

But iu the "Preface Pereonnelle" in the same Tolume, p. 3fl,M. Cnmtetella 
ns!— "Je n'ai jamamla, en aucune lanyue, ni Vieo, »t( Anni, nt Herder, oi 
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The few lines devoted to Comtism in my paper on the 
** Physical Basis of Life '* were, in intention, strictly 
limited to these two purposes. But they seem to have 
given more umbrage tiian I intended they should, to the 
followers of M. Comte in this country, for some of whom, 
let me observe in passing, I entertain a most unfeigned 
respect ; and Mr. Congreve's recent article gives expres- 
sion to the displeasure which I have excited among the 
members of the Comtian body. 

Mr. Congreve, in a peroration which seems especially 
intended to catch the attention of his readers, indig- 
nantly challenges me to admire M. Comte's life, "to 
denv that it has a marked character of grandeur about 
it ; and he uses some very strong language because I 
show no sign of veneration for his idoL I confess I do 
not care to occupy myself with the denigration of a man 
who, on the whole, deserves to be spoken of with respect. 
Therefore, I shall enter into no statement of the reasons 
which lead me unhesitatingly to accept Mr. Congreve's 
challenge, and to refuse to recognise anything which de- 
serves the name of grandeur of character in M. Comte, 
unless it be his arrogance, which is undoubtedly sublime. 
All I have to observe is, that if Mr. (Jongreve is justified 
in saying that I speak with a tinge of contempt for his 
spiritual father, the reason for such colouring of my 
language is to be found in the fact, that, when I wrote, 
I had but just arisen from the perusal of a work with 
which he is doubtless well acquainted, M, Littrd's 
"Auguste Comte et la Philosophic Positive.'* 

Though there are tolerably fixed standards of right 
and wrong, and even of generosity and meanness, it 

Uegel, &c ; ]e ne connais leurs dirers onvrages que d'apr&s quelques relations 
indirectes et certains extraits fort insuffisants." 

Who knows but that the ''&c." may include Hume? And in that case 
what is the valao of M. Comte's praise of him? 



may be said that the beauty, or grandeur, of a life is 
more or less a matter of taste ; and Mr. Congreve's 
notiona of literary excellence are so different from mine 
that, it may be, we ahould diverge a3 widely in otir 
judgment of moral beauty or ugliness. Therefore, while 
retaining my own notions, I do not presume to quarrel 
mth his. But when Mr. Congreve devotes a great deal 
of laboriously guarded insinuation to the endeavour to 
lead the public to believe that I have been guilty of the 
dishonesty of having criticL'ied Comte without having 
read him, I must be permitted to remind him -that he 
has neglected the well-known maxim of a diplomatic 
sage, "If you want to damage a man, you should say 
what ia probable, as well as what is true." 

And when Mr. Congreve speaks of my having an ad- 
vantage over him in my introduction of "Christianity" 
into the phrase that "M. Comte's philosophy, in practice, 
might be described as Catholicism minus Christianity f 
intending thereby to suggest that I have, by so doing 
desired to profit by an appeal to the odium theologicum, 
— he lays himself open to a very unpleasant retort 

What if I were to suggest that Mr. Congreve had not 
read Comte's works ; and that the phrase "the conte^ 
shows that the view of the writer ranges — howeve^ 
superficiaUy — over the whole works. This is obvioua 
from the mention of Catholicism," demonstrates thsfi 
Mr. Congreve has no acquaintance with the "Philosophic 
Positive"? I think the suggestion would be very unjust 
and unmannerly, and I shall not make it. But the fact 
remains, that this little epigram of mine, which has ao 
greatly provoked Mr. Congreve, is neither more nor lesfl 
than a condensed paraphrase of the followii _ 
which is to be found at page 344 of the fifth volume 
the " Philosophic Positive :"^ — 

>■ Now and always I quote the second edition, by Littri. 
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"La seule Bolution possible de c« grand proHfeme hiatorique, qni n'a 
jamais pu etre philosnphiquement pas6 jusqu'ici, consiate k concevoir, 
en Bens radicalement inveise dea notions habituelles, qut ee qui devaiC i 

n^ctseairtment p^r ainsi, dan* it ealAolidsme, i^itait la doctrine, et non m 

Vorganisatian, qui n'a 4t4 passag^rement ruin^ que par suite de son ■ 

inevitable adherence ^lementaiTO k la philosophie th^ologique, destines I 

{l succomber graduellement sous rirr^siBtiblo ^mancipaton de la raison 1 

bumaine ; tandU qa'itne telle cottttitvtion, amvenablemmt rfcomtruite \ 

aur des bases inlelleatutllu & la foil plus denduei et pint stables, deura 
UncUetnent pr^sider d, VinditpenMable reorganisation spiritaelle dei 
soei6tes modemes, miif let diffirenoes essentiellet spontanemeat com- I 

spondantes a VexireTne diversity dea doctrines fondameiUales ; i moina 
de snppoeer, ce qui serait oertaineinent contradiotoire k Tensenibla dea 
loia de notre nature, que les immense3 efForts de tant de grands 
bommes, Becond^ par la persiSvdtante soUicitude dea nations civiliseea, 
dans la fondation s^culaire de ce cbef-d'«uvi6 politiqus de la Bagesso 
btunaiDe, doivent Stre enfin irrevocablement perdtis pour I'^lite de 
I'liuniaiiit^ sanf lea reaultats, capitaus maia provisoires, qui a'j rap- 
portaient imm&iiatenient, Cette explication generals, deji ^yidem- 
ment motivi^a par la suite dea considerations proprea h, ce chapitre, 
sem de plus en plus couErmee par tout le reste de notre operation 
historique, donl elle consiituera tponlanSjuent la principals conclaaitm 
politiqM." 

NotMng can be clearer. Comte's ideal, aa stated by 
himself, is Catholic organization without Catholic doc- 
trine, or, in other words, CathoHciani minus C'liristianity. 
Surely it is utterly unjustifiable to ascribe to me base 
motives for stating a man's doctrines, as nearly as may 
be, in his own words ! 

My readers would hardly be interested were I to follow 
' Mr. Congreve any further, or I might point out that the 
fact of his not having heard me lecture is hardly a safe 
ground for his speculations as to what I do not teach. 
Nor do I feel calied upon to give any opinion as to 
M. Comte's merits or demerits as regards sociology, 
Mr. Mill (whose competence to speak on these matters 
I suppose will not be questioned, even by Mr. Congreve) 
has dealt with M. Comte's philosophy from this point of 
view, with a vigour and authority to which I cannot for 



J 
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a moment aspire ; and with a severity, not tmfireqnently 
amounting to contempt, which I have not the wish, if I 
had the power, to snrpasa I, as a mere student in these 
questions, am content to abide by Mr. Mill's judgment 
until some one shows cause for its reversal, and I decline 
to enter into a discussion which I have not provoked. 

The sole obligation which lies upon me is to justify so 
much as still remains without justification of what I 
have written respecting Positivism-namely, the opinion 
expressed in the following paragraph : — 

" In so far as my study of what specially characterises the Posilive 
Philosophy has led me, I find therein little or nothing of any scientific 
value, and a great deal which is as thoroughly antagonistic to the ybij 
essence of science as anything in ultramontane Catholicism.'* 

Here are two propositions: the first, that the "Phi- 
losophic Positive" contains little or nothing of any 
scientific value; the second, that Comtism is, in spirit, 
anti-scientific. I shall endeavour to bring forward ample 
evidence in support of both. 

I. No one who possesses even a superficial acquaint- 
ance with physical science can read Comte's "Le9ons'' 
without becoming aware that he was at once singularly 
devoid of real knowledge on these subjects, and singu- 
larly unlucky. What is to be thought of the contem- 
porary of Young and of Fresnel, who never misses 
an opportunity of casting scorn upon the hypothesis 
of an ether — the fundamental basis not only of the 
undulatory theory of light, but of so much else in 
modem physics — and whose contempt for the intellects 
of some of the stroDgc^t men of bis generation waa such, 
that he puts forward the mere existence of night as a 
refutation of the undulatory theory?^ What a won- 
derful gauge of his own value as a scientific critic does 
he afford, by whom we are informed that phrenology is 

* •*Philosophie Positive," iL p. 4401 
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% great science, and psychology a chimrora ; that Gall 
was one of the great men of his age, and that Cuvier 
was " brilliant but superficial " ! ^ How unlucky must 
one consider tho bold speculator who, juat before die 
dawn of modern histology — which is simply the appli- 
cation of the microscope to anatomy — reproves what he 
calls " the abuse of microscopic investigations," and " the 
exaggerated credit" attached to them; who, whon the 
morphological uniformity of the tissues of the great 
majority of plants and animals was on the eve of being 
demonstrated, treated with ridicule those who attempt 
refer all tksues to a "tissu gendrateur," formed uy 
le chimerique et inintelligible assemblage d'une sorlie 
ides orgauiqaea, qui scraient dha lora les vraia 
ementa primordiaus de tout corps vivant ; " ^ and who 
laUy tella ub, that all the objections against a linear 
arrangement of the species of living beings are in their 
essence foolish, and that the order of the animal series is 
" nereasarily linear," * when the exact contrary is one of 
■the best established and the most important truths oi 
lology. Appeal to mathematicians, astronomers, physi- 
* chemists, biologists, about the "Philosophie Posi- 
tive," and they all, with one consent, begiu to make 
protestation that, whatever 11. Comte's other merits, he 
has shed no light upon the philosophy of their particular 
studies. 

To be just, however, it must be admitted that even 
M. Comte's most ardent disciples are content to be 
judiciously silent about his knowledge or appreciation of 

" I« brielant inais raperliciel Cnvier."— PAi&isqjAw Fositivf, vi. p. 383, 
"PhUoEophie Positive," iii p. 3()9. » Ibid. p. 387. 

Hear the late Dr. Whewelli who calls Corote "a shrillow pretender," so 
far sa ^ the modem Bcienrea, except astronomy, are eancemed, and teUa na 
that "his pret«nsior3 to discoveries arc, aa Sir John Herschel baa shown, 
iibanrdly ftllacioua."— " Comte and Positivism," Macmillaa't Magaiint, 
Uarch 1666. 
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the sciences themselves, and prefer to base their master's 
claims to scientific authority upon his "law of the 
three states/' and his "classification of the sciences.'' 
But here, also, I must join issue with them as completely 
as others — notably Mr. Herbert Spencer — have done 
before me. A critical examination of what M. Comte 
has to say about the " law of the three states " brings out 
nothing but a series of more or less contradictory^state- 
ments of an imperfectly apprehended truth; and his « das- 
sification of the scieuces," whether regarded historically 
or logically, is, in my judgment, absolutely worthless. 

Let us consider the law of "the three states" as it 
is put before us in the opening of the first Legon of 
the " Philosophic Positive : " — 

'^ En ^tudiant ainsi le d^veloppement total de rintelligence hoinaine 
dans ses diverses spheres d'activite, depuis son premier essor le plus 
simple jusqu*^ nos jours, je crois avoir decouvert une grande lot 
fondamentale, h. laquelle il est assujetti par nne n^cessit^ invariable, et 
qui me semble pouvoir ^tre solidement dtablie, soit sur les preuves 
rationelles foumies par la connaissance de notre organisation, soit soi 
les verifications bistoriques resultant d*un exam en attentif du passd. 
Cette loi consiste en ce que cbacune de nos conceptions principalea^ 
chaque branche de nos connaissances, passe successivement par trois 
etats th^oriques diffdrents ; T^tat th^ologique, on fictif ; T^tat m6ta- 
physique, ou abstrait ; T^tat scientifique, ou positifl En d'autres 
termes, Tesprit humain, par sa nature, emploie successivement dans 
cbacune de ses rechercbes trois m^tbodes de pbilosopber, dont U 
caractere est esseiitiellement different et meme radicalement oppoB^; 
d'abord la m^tbode tb^ologique, ensuite la m6tbode m6taphy8iqae, et 
enfin la m6tbode positive. De Ik, trois sortes de pbilosopbie, on de 
syst^mes gen6raux de conceptions sur Tensemble des pb^nom^nes ^ 
B^excluent mutuellement ; la premiere est le point de depart n^cessaire de 
I'intelligence bumaine ; la troisi^me, son ^tat fixe et definitif ; laseconde 
est uniquement destin6e a servir de transition." * 

Nothing can be more precise than these statements, 
which may be put into the following propositions: — 
(a) The human intellect is subjected to the law by 

* "Pbilosopbie Positive," L pp. 8, 9* 



an invariable necessity, which is demonstrable, d priori, 
from the nature and constitution of the intellect; 
while, as a matter of historical fact, the human in- 
tellect has been subjected to the law. 

(6) Every branch of human knowledge passes through 
the three states, necessarily beginning with the first 
stage. 

(c) The three stales mutually exclude one another, 
being essentially difi'erent, and even radically opposed. 

Two questions present themselves. Is M. Comte 
consistent with himself in making these assertions ] 
And is he consistent with fact? I reply to both 

?uestions in the negative ; and, as regards the first, 
bring forward as my witness a remarkable passage 
which is to bo found in the fourth volume of the 
" Philosophie Positive" (p. 491), when M. Comte had 
had time to think out, a little more fully, the notions 
crudely stated in the first volume : — ■ 

" A proprement parler, la philosophie th^ologiqne, metne dans notre 
premiere enfonce, iodividuelle oa Bociole, n'a jamaiB pn £tre ligouieaBe- 
meat imivBisello, c'est-fi-dire que, poor ]es ordree quelconquBB da 
ph^nom^nea, let fails les plus simples et Us plus commune oni toujours 
it& regardh cmnme essentieHemertt assuj'eUis k da lois naturdla, au lien 
d'Hre attribuh a rarhitraire volotite dei agents surnatv/rds. L'illuBtre 
Adam Smith a, par exempk, tros-heuieusement remarq^ue dons ees 
essais philosophiquea, qu'on ne troavait^ en aucun temps ni en ancua 
on dieu poui la pesanteur. II en est ainsi, eu general, mSme a 
i des eajets les plus compliqties, envers tous lei phinomhia auei 
taires et assez familiere povr que la parfaiU invariabiliti de 
t rtlaiioHS ejecdvea ait tovjours d& frapper sporUanlment Vobser- 
■ir l« mains prepare, Dans I'oTdre moral et social, qu'une yaice 
OppoaitioD voudrait aujonrdTiui syat^matiquement interdire a la phi- 
losophie positive, il y a eu necessairemen^ en tout temps, la pene^e 
dra lois uaturelles, lelativement aux plus simplea pb^nom^nes de la 
™ joumaliire, oomme I'exige ^videmment la conduite g^n^rale de 
notre existence reelle, individuelle ou sociale, qui a'aurait pa jamais 
coniporter ancime pr^voyance queloonque, si tons lea ph^nomenes 
humains avaient tite rigoureusement attribues k dea agents sumaturels, 
"onisque des lors la pritre aurait logiquemont conslitufi la senle res- 



imaginable pour infliicr eur le cours habitue! dee actinna 
Ore diiU mSme re-marquer, 4 ce mijtt, que c'est, au contr^irt, 
ribauc/ie sponUmit det premieres loii naturelta proprti aitx actea indi- 
vidueU oil tociaux ^i,JkCiveTMnt transpariee i tous let pJienomenes du 
motide exterieur, a d'abord /oumt, ^apris not explieationi precedeiOet, fo- 
iirai prineipe fondamenial de la phUotophie theologiqve. Ainsi, le germ» 
elemmtairede la pkUoeophie potUive ett certainement tout aiuai primitif 
au foud que eelui de la philosophie tMologique elle-nUme, qiioi qu'il n'otf 
pu te denelopper que beaucoup plus tard. Une telle notion import* ' 
extremement ^laparfaite ratiooaliti^ de notre tbeorie Gociologique, puis-' 
que la Tie tumaine ne pouvaat jamaig offrir auoane viSritable cr^tioa' 
quelconque, maia toujours une Bimple iSvolution gradueUe, Tessor finid 
de I'esprit positif diiviendrait scientiiiquement incomprehensible, ei, 
dhe Toiigine, on n'en concuvait, k tQua egards, lea premiers ludimenta 
nccessaires. Depuis cette situation primitive, a meEuie que not 
obaervationa se eont 8|iontaiiecient etenduea et geo^ralisees, cet essoi^^ 
d'ahord i peine appreciable, a constarament sulvi, sans cesser long*' 
temps d'etre eubalterne, une progresaion tres-ltnte, maia continue, la! 
pbiloaophie th^ologique restant toujours r^servde pour les phenomene^ 
de mains en moins nomhreux, dont les lois natuielles ne pouTaieat 
encore 6tre aucunement 



Compare the propositions implicitly laid down 
with those contained in the earlier volume, (a) As 
a matter of fact, the human intellect baa not beett 
invariabl}' subjected to the law of the three 8tatef^■ 
and therefore the necessity of the law cannot h(i 
demonstrable d priori (/>) Much of our knowledge' 
of all kinds has not passed through the three Btate3, 
and more particularly, as M. Corote is careful to point. 
out, not through the first (c) The positive state ha*' 
more or loss co-existed with the theological, from the 
dawn of human inteUigence. And, by way of com- 
pleting the series of contradictions, the assertion that 
the three states are " essentially different and even 
radically opposed," is met a little lower on the same 
page by the declaration that " the metaphysical state 
is, at bottom, nothing but a simple general modification 
of the firpt ;" while, in the fortieth Lejon, as also in the 
interestiDg early essay entitled " Considerations philo- 



sophiques eur les Sciences et les Savanta (iSSii)," the 
tlu^e states are practically reduced to two. " Le veri- 
table esprit g^n^ra] de toute philosophie th^ologique 
on m^taphpique conaiste h. prendre pour prineipe, dans 
rexplieation des ph(5uom^nes du monde exterieur, notre 
sentiment iram^diat des phdnom&ncs humaines ; taadis 
que au contraire, la philosophic positive est toujours 
caract^ria^e, non moina ptofond^ment, par la subordina- 
tion n^cessaire et rationnelle de la conception de I'homme 
lb eelle du monde." * 

I leave M. Comte's disciples to settle which of these 
contradictory statements expresses their master's real 
meaning. All I beg leave to remark is, that men oi' 
science are not in the habit of paying much attention 
to " laws " stated in this fashion. 

The second statement is undoubtedly far more rational 
and consistent with fact than the first ; but I cannot 
tliink it is a just or adequate account of the growth 
of intelligence, either in the individual man, or in the 
human species. Any one who will carefully watch the 
development of the intellect of a child will perceive 
that, from the first, its mind is mirroring nature in two 
different ways. On the one hand, it is merely drinking 
in sensations and building up associations, while it forms 
conceptions of things and their relations which are more 
thoroughly " positive," or devoid of entanglement with 
hypotheses of any kind, than they will ever be in after- 
life. No child has recourse to imaginary personifications 
in order to account for tlie ordinary properties of objects 
which are not aJive, or do not represent living thiugs. It 
does not imagine that the taste of sugar is brought about 
by a god of sweetness, or that a spirit of jumping causes 
a ball to bound. Such phsenomena, which form the basis 
of a very large part of its ideas, are taken as matters 
' "Philosophie Positive," iii p. 188. 
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of course — as ultimate facts wMct suggest no difficulty 
and need no explanation So far as all these common, 
though important, phgenomena are concerned, the child's 
mind is in what M. Comte would call the "positive" 
state. 

But, side by side with this mental condition, there risest 
another. The child becomes aware of itself as a source^ 
of action and a subject of passion and of thought. The 
acts which follow upon its own desires are among the 
most interesting and prominent of surrounding occur- 
rences ; and these acts, again, plainly arise either out of 
affections caused by surrounding things or of other 
changes in itselE Among these surrounding things, the 
most interesting and important are mother and father^ 
brethren and nurses. The hypothesis that these woU'* 
derful creatures are of like nature to itself is speedily 
forced upon the child's mind ; and this primitive pie( 
of anthropomorphism turns out to be a highly successfoJ 
speculation, which finds its justification at every turn. 
No wonder, then, that it is extended to other similarly 
interesting objects which are not too unlike these — to 
the dog, the cat, and the canary, the doll, the toy, and 
the picture-book — that these are endowed with wiUa and 
affections, and with capacities for being " good " and 
"naughty." But surely it would be a mere perversion of 
language to call this a " theological " state of mind, either 
in the proper sense of the word " theological," or as con- 
trasted with " scientific " or " positive." The child does 
not worship either father or mother, dog or doll. On 
the contrary, nothing is more curious than the absolute 
irreverence, if I may so say, of a kindly-treated young 
child ; its tendency to believe in itself as the centre 
of the universe, and its disposition to exercise despotic 
tyranny over those who could crush it with a finger. 

Still less ia there anything unscientific, or anti-scientifici 



in tliia infaQtile antliropomorpliism. The child olflerves 
that many phsenomeca are the consequences of affections 
of itself; it soon has excellent reasons for the belief 
that many -other phaenomena are consequences of the 
affections of other beings, more or less like itself. And 
having thuB good evidence for believing that many of 
the most interesting occurrences about it are explicable 
on the hypothesis that they are the work of ititelligences 
like itself — having discovered a vera causa for many 
phsenomena — why should the child limit the appUcation 
of so fruitful an hypothesis? The dog has a sort of 
intelligenee, so as the cat; why should not the doll 
and the picture-book also have a share, propoitioned 
to their likeness to intelligent things ? 

The only limit which does arise is -exactly that which, 
as a matter of science, should arise ; that is to say, the 
anthropomorphic interpretation is applied only to those 
phaenomena which, in their general n3.ture, or their 
apparent capriciousness, resembla those which the child 
observes to be caused by itself, or by beings like itsel£ 
AU the rest are regarded as things which explain them- 
selves, or arc inexplicable. 

It is only at a later stage of intellectual development 
that the intelligence of man awakes to the apparent 
conflict between the anthropomorphic, and what 1 may 
call the physical,^ aspect of nature, and either endeavours 
to extend the anthropomorphic view over the whole of 
nature — which is the tendency of theology ; or to give 
tl>e same exclusive nredominance to the physical view — 

' The word "po'sitite" is in every way objeciionable. In one sense ft 
tnggests that mental quality which was unUoubtedly largely developed in 
VL Comte, but can boitt be dispensed with in a phiIo.^< plicr ; in another, it ia 
unfortunate in ita ajiplicatian to a aysteni which starts with enormona nega- 
tioaa ; in its third, imd apecblly philosophical Henso, l8 implying a system of 
ttiQnght which iissumes nothing beyond the content oi ohjeired lactu, it 
implies that which Bcver did exist, and never will. ■■■ 
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which IB the tendency of science ; or adopts a miiildle 
course, and taking from the anthropomorphic view ita 
tendeucy to personify, and from the physical view its 
tendency to exclude volition and affection, ends in what 
M. Comte calls the "metaphysical" state — "metaphy- 
sical," in M. Comto's writings, being a general term of 
abuse for anything he does not like. 

What is true of the individual is, Tmttatis mutandis, 
true of the inteDictual development of the species. It 
is absurd to say of men in a state of primitive savagery, 
that all their conceptions are in a theological state. 
^Nine-tenths of them are eminently realistic, and aa 
"positive" as ignorance and narrowness can make them, 
It no more occurs to a savage than it docs to a child, 
to ask the why of the daily and ordinary occurrences 
which form the greater part of his mental life. But 
in regard to the more striking, or ont-of-tho-way, events, 
which force him to speculate, he is highly anthropo- 
morphic ; and, as compared with a child, his anthropo- 
morphism is complicated by the intense impression 
which the death of his own kind makes upon him, 
as indeed it well may. The warrior, fuU of ferocious 
energy, perhaps the despotic chief of hia tribe, is 
suddenly struck down. A child may insult the man 
a moment before so awful ; a fly rests, undisturbed, on 
the lips from which undisputed command issued. And 
yet the bodily aspect of the man seems hardly moru 
altered than when he slept, and, sleepiog, seemed to 
himself to leave his body and wander through dream- 
land. What then if that something, which is the essence 
of the man, has really been made to wander by theJ 
violence done to it, and is unable, or has forgottefl 
to come back to its shell ? Will it not retain sosm 
what of the powers it possessed during life ? ^^i^l 
it not help U3 if it be pleased, or (as seems to fl 




ty far tlic more general impression) hurt ns if it be 
angered? Will it not be well to do towards it those 
things which would ha^e soothed the man and put 
bim in good humour during hia life? It is impossible 
to study trustworthy accounts of savage thought with- 
out seeing that some such tra.in of ideas as this lies at 
the bottom of their speculative beliefs. 

There are savages without God, in any proper sense 
of the word, but none without ghosts. And the Fetish- 
ism, Ancestor-worship, Hero-worship, and Demonology 
of primitive savages, are all, I believe, different manners 
of expression of their belief in ghosts, and of the 
anthropomorphic interpretation of out-of-the-way events, 
which is its concomitant. Witchcraft and sorcery are 
the practical expressions of these beliefs ; and they 
stand in the same relation to religious worship as the 
simple anthropomorphism of childi-en. or savages, does 
to theology. 

In the progress of the species from savagery to 
advanced civilization, anthropomorphism grows into 
theology, while physicism (if I may so call it) develops 
into science; but the development of tlic two is con- 
temporaneous, not successive. For each, there long 
exists an assured province which is not invaded by 
the other ; while, between the two, Kcs a debatcable land, 
ruled by a sort of bastards, who owe their complexion 
to physieism and their substance to anthropomorphism, 
and are M. Comte's particular averdions — metaphysical 
btities. ._ 

T.But^ as the ages lengthen, the borders of Physieism 

creasa The territories of the bastards are all annexed 

science ; and even Theology, in her purer forms, 

I ceased to be anthropomorphic, however she may 

' . Anthropomorphism has taken stand in its last 

::ess — man himself But science closely invests the 

U 2 
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walla ; and Philosophers gird themselves for ba1 
upon the last and greatest of all speculative problems — 
Docs human nature possess any firee, volitional, or truly 
anthroporaorpliic element, or is it only the cunninge^ 
of all Nature's clocks? Some, among whom I cou 
myself, think that the battle wLU for ever remain 
drawn one, and that, for all practical purposes, this 
is as good as anthropomorphism winning the day. 

The classification of the sciences, which, in the e^ 
of M. Comte's adherents, constitutes his second gi 
claim to the dignity of a scientific philosopher, appei 
to me to be open to just the same objections aa 
law of the three states. It is inconsistent in itself^ _ 
it is inconsistent with fact. * Let us consider the mam 
points of this classification successively ; — 

"nfaut diatinguer par rapport k tous lea ordres dea pTi^nominMi 
denx genrea de sciences nntnielles; lea unea aliabaites, gcncrales, out 
pour obJHt la decoaverta des bis qui regissent lea diversea classes da 
ph^aom^nca, en conddi^Taiit tons les cas qu'oa pent conccvoir; le» 
autrea concretes, particulierea, descTiptivea, et qa'on ddaigne quelquefoia 
BOtia le nom dca scieaces natnrelles propreraent dites, conaistenti da£i 
I'application da ces luk U I'liistoiie dfticlive dcs difTuieuts uties 
eziatAnta." '' 

The "abstract" sciences are subsequently said to be 
mathematics, astronomy, physics, chemistry, physiology, 
and social physics — the titles of the two latter being 
flubsequently changed to biology and sociology. M. 
Comto exemplifies the distinction between his abstract 
and his concrete sciences as foUows : — 

" On pourra d'abord rapercavoir trfea-nottement en compnrant, d'uM 
Tiart, la pbysiologio gduiJrale, et d'nne autre part la zoologia et la 
Dotaniquo ptoprement ditea. Co aont iSvidemment, en effet, deux 
Iravanx d'un caractira fort distinct, que d'etudier, en gi5n^ra], lea loii 
do Ib Tie, OU de dijterminer lo rooda d'exiBtenca do chaqiie corpa viyant, 
en partlculicr. CeCCe seconde etude, en outre. «i nii:etsairemcia Jbnik 

'•^Phflosopiie Positive,"! p. 63 



All the unreality and mere bookishness of M. Comte'e 
lowledge of physical ecience comes out in the passage 
I have italicised. ■ , " The special study of liviug beings 
13 based upon a general study of the laws of lifel" 
"What little I know about the matter leads me to think 
that, if M. Comte had possessed the elightcst practical 
acquaintance with biological science, he would have 
turned his phraseology upside down, and have perceived 
that we can have no knowledge of the general lawa 
of life, except that which is based upon tho study of 
particular living beings. 

The illustration is surely unluckily chosen ; but the 

language in which these so-called abstract eeiences are 

defined seems to me to be stUl more open to criticism. 

With what propriety can astronomy, or physics, or 

chemistry, or biology, be said to occupy themselves 

ith the consideration of " all conceivable cases" which 

within their respective provinces ? Does the as- 

momer occupy himself with any other system of the 

iverse than that which la visible to him? Does he 

icxUate upon the possible movements of bodies which 

ty attract one another in the inverse proportion of the 

ibe of their distances, say 1 Docs biology, whether 

abstract" or " concrete," occupy itself with any other 

of life than those which exist, or have existed T 

id, if the abstract sciences embrace all conceivable 

cases of the operation of the laws with which they 

are concerned, would not they, necessarily, embrace the 

subjects of the concrete sciences, which, inasmuch as 

' ",ey exist, must needs be conceivable ? In fact, no such 

itinetion as that which M. Comte draws is tenable. 

le first stage of his classification breaks by its own 

weight. 

But granting M. Comte his Bix abstract sciences, he 
> arrange them aceordiaig to what he calls 



their natural order or hicrarcliy, thoir places in ttis 
hierarchy bein'' deEermiiied hy the degree of generalilyi 
and simplicity of the conceptions with which thcyi 
deal llatbematies oecupiea the first, astronomy the 
second, physics the third, chemistry the fourth, biology 
the fifth, and sociology the sixth and last place in tha> 
aeries. M. Cornte's arguments in favour of this clasa* 
fication are first — 

" Sa conformity esserti^lle avec la c(W»rdiiifttion, en qoplqiie 
»pontacee, qui se trouve en cfTet implicitenient admise par lea i 
hYtii k I't-liide dea diverse branches ds la pliilosof tiie natuielle.' 

But I absolutely deny the existence of this conformity! 
If there is one thing clear about the progress of moden 
science, it is the tendency to reduce all scientifiiS 
problems, except those which are purely mathematicd* 
to questions of molecular physics — that is to say, tn 
the attractions, repulsions, motions, and co-ordinatiM 
of the ultimate particles of matter. Social phjenomeoi 
are the result of the iureraction of the components ol 
society, or men, with one another and the surroundin|J 
universe. But, in the language of physical science^ 
which, oy the nature of the case, is materialistie, tbi 
actions of men, so far as they are recognisable \q 
science, are the results of molecular changes in th 
ma-ter of which they are composed ; and, in the loi 
run, these must come, into the hands of the physici 
A fortiori, the phtenomcna of biology and of chemist 
are, ia their ultimate analysis, questions of molt 
physics. Indeed, the fact is acknowledged by 
chemists and biologists who look beyond their im 
diate occupations. And it is to be observed, that 
phsenomena of biology are as directly and immediately coi 
neeted with molecular physics as are those of chemis! 
Molar physics, chemistry, and biology are not 
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successive steps in the ladder of knowledge, as M. 
Comte would have us believe, but three branches 
springing from the common stem of molecular physics. 

As to astronomy, I am at a loss to understand how 
any one who will give a moment's attention to the 
nature of the science can faU to see that it consists of 
two parts : first, of a description of the phaenomena, 
which is as much entitled as descriptive zoology, or 
botany, is, to the name of natural history ; and, secondly, 
of an explanation of the phaenomena,. furnished by the 
laws of a force — gravitation — the study of which is as 
much a part of physics, as is that of heat, or electricity. 
It would be just as reasonable to make the study of 
the heat of the sun a science preliminary to the rest 
of thermotics, as to place the study of the attraction of 
the bodies, which compose the universe in general, 
before that of the particular terrestrial bodies, which 
alone we can experimentally know. Astronomy, in fact, 
owes its perfection to the circumstance that it is the 
only branch of natural history, the phaenomena of which 
are largely expressible by mathematical conceptions, 
and which can be, to a great extent, explained by the 
application of very simple physical laws. 

With regard to mathematics, it is to be observed, in 
the first place, that M. Comte mixes up under that 
head the pure relations of space and of quantity, which 
are properly included under the name, with rational 
mechanics and statics, which are mathematical deve- 
lopments of the most general conceptions of physics, 
namely, the notions of force and of motion. Eelegating 
these to their proper place in physics, we have left pure 
mathematics, which can stand neither at the head, nor 
at the tail^ of any hierarchy of the sciences, since, like 
logic, it is equally related to all ; though the enormous 
practical difficulty of applying mathematics to the more 



complex pliEenomena of nature removes them, for the 
present, out of ita sphere. 

On this subject of miithematics, again, M. Comte 
indu]ge3 in assertions which can onlj be accounted for 
hy his total ignorance ef physical science practically, 
As for example : — 

"C'cBt done par fetude des DialTiematiqneg, et teutematt par die, 
que Toil peut se foire une idee juste et approibodie de ce que e'ert 
qu'une idaice. C'est 1^ iniiquem^it qu'on doit chercher h connftltie 
aveo precision la methode ginirale qut Vesprit humain emphte ctmtUan- 
ment dant touta tt» reeherehft posiilves, pares que nnllo pait aillenn 
les questions ne sent i^oluca q'une roanidre aussi complete et lea 
dcductiotia piolongeea auBsi loin aveo ana s^verite rigonreuae. Cert 
1^ igaltment que noire enten dement a donni5 lea plua grandea preuTU 
de Ba force, parte que les idees qu'il y considero aont du plus haut 
dcgr6 d'abatraction possible dans I'ordre positif. Tovle edueatUm 
tneiUijigae qui ne commtnce point par une telle etude peche dtmo nSeet- 
ttareTntnt par (a hase." • 

That is to say, the only study which can confer *'a juat 
and comprehensive idea of what is meant by science," 
and, at the same time, furnish an exact conception of 
the general method of scientific investigation, is that 
which knows nothing of observation, nothing of experi- 
ment, nothing of induction, nothing of causation ! And 
education, the whole secret of which consists in proceed- 
ing from the easy to the difficult, the concrete to the 
abstract, ought to be turned the other way, and pass 
from the abstract to the concreta 

IL Comte puts a second argument in favour of his 
, hierarchy of the sciences thus ; — 

"Un Booond caraetfere tr6s-essentiel de notre classification, (^est 
5'etre neceaaairement conforme h I'ordre eflectif du developpemcnt da 
la philoBophie naturelle. C'est ce que Ttinfia tout ce qu'on salt de 
rhistoire des ecienees." * 

But Mr. spencer has so thoroughly and completely 
demonstrated the absence of any correspondence betweeu 
» "PhiloBopliie FositiTe," I y. eOi * Ibid., i p. 77. 
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the historical development of the sciences, and their 
position in the Comtean hierarchy, in his essay on the 
"Genesis of Science," that I shall not waste time in 
repeating his refutation. 

A third proposition in support of the Comtean classi- 
fication of the sciences stands as follows: — 

"En troiaiJme lieu cette classification prcaente la proprieW tria- 
remarquable de marqucr exactement la perfection relative dea diff^ 
rentes sciences, laquolle consiste essentiellement dans le degre de 
precision dea connaissances et dans lear co-ordination plus on moins 
intime." ' 

I am quite imable to understand the distinction which 
M, Comte endeavours to draw in this passage in spite 
of his amplifications further on. Every science must 
consist of precise knowledge, and that knowledge must 
be co-ordinated into general proportions, or it is not 
science. When M, Comte, in exemplification of the 
statement I have cited, says that " les ph^nom&nes 
organiques ne comportent qu'une ^tude t^ la fois moins 
esacte et moina syst^matique que les pht^nom^nes dea 
corps bruts," I am at a loss to comprehend what he 
means. If I affirm that "when a motor nerve is irri- 
tated, the muscle connected with it becomes simultane- 
ously shorter and thicker, without changing its volume," 
it appears to me that the statement is as precise or exact 
(and not merely as true) as that of the physicist who 
should say, that "when a piece of iron is heated, it 
becomes simultaneously longer and thicker and increases 
in volume ;" nor can I discover any difference, in point 
of precision, between the statement of the morphological 
law that "animals which suckle their young have two 
occipital condyles," and the enunciation of the physical 
law that "water subjected to electrolysis is replaced by 
an equal weight of the gases, oxygen and hydrogen." 
i "Philosophie PoaitiTe," L p. 78. 
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As for anatomical or physiological investigation being 
less "systematic" than that of the physicist or chemi&t, 
the assertion is simply unaccountable. The methods of 
physical science are everywhere the same in principle, 
and the physiological investigator who was not "sys- 
tematic " would, on the whole, break down rather sooner 
than the inquirer into simpler subjects. 

Thus M. Comte's classification of the sciences, under 
all its aspects, appears to ma to be a complete failure. 
It is impossible, in an article which is already too long, 
to inquire how it may be replaced by a better ; and it is 
the less necessary to do so, as a second edition of Mr. 
Spencer's remarkable essay on this subject has just been 
published. After wading through pages of the long- 
ivinded confusion and second-hand information of the 
"Philosophie Positive," at the risk of a crise cSrihrale—' 
it is as good as a shower-bath to turn to the " Classi- 
fication of the Sciences," and refresh oneself with Mr. 
Spencer's profound thought, precise knowledge, and clear 
language. 

11. The second proposition to which I have committed 
myself, in the paper to which I have been obliged to 
refer so often, is, that the "Positive Philosophy" contains 
" a great deal which is a3 thoroughly antagonistic to the , 
very essence of science as is anything in ultramontane 
Catholicism." 

AVhat I refer to in these words, is, on the one hand 
the dogmatism and narrowness which so often mark 
iL Comte's discussion of doctrines which ho does not 
Hke, and reduce hia expressions of opinion to mers 
passionate puerilities; as, for example, when he J8 
arguing against the assumption of an ether, or whea 
he is talking (I cannot call it arguing) against pyscho- ; 
logy, or political economy. On the other hand, I alludft.; 
to the spirit of meddling systematization and regulation 



■which animates even the " Philosopliic Positive," and 
breaks out, in the latter volumes of that work, into no 
uncertain foreshadowing of the anti-scientific monstro- 
sitica of Comte's later writings. 

Those who try to draw a line of demarcation between 
the spiiit of the "Pfailosophie Positive," and that of 
the "Politique" and ita successors, (if I may express 
an. opinioQ from fragmentary knowledge of these last,) 
mxist have overlooked, or forgotten, what Comte himself 
laboms to Bhow, and indeed succeeds in proving, in 
the "Appendice General" of the "Pohtiquc Positive." 
"D6s mon dt^but," he writes, "je tentai de fonder lo 
nouvcau pouvoir epirituel que j'institue aujourd'hui." 
" Sla politique, loin d'etre aucuncment opposee h, ma 
philosophic, en constituo tellemcDt la suite naturelle 
que celle-ci fut directcmeLt institute pour scrvir de baao 
h, ceUe-Ih, comme le prouve cet appendice." ^ 

This is quite true. In the remarkable esgay entitled 
" Considerations sur le Pouvoir spirituel," published in 
March 1826, Comte advocates the establishment of a 
" modern spiritual power," which, he anticipates, may 
exercise an even greater influence over temporal afiairs, 
than did the Catholic clergy, at the height of their 
vigour and independence, in the twelfth century. This 
spiritual power ia, in fact, to govern opinion, and to 
have the supreme control over education, in each 
nation of the "West; and the spiritual powers of the 
several European peoples are to be associated together 
and placed under a common du'cction or " souverainet'j 
spiritueUe." 

A Eystem of "Catholicism minus Christianity" was 
therefore completely organized in Comte's mind, four 
years before the first volume of the "PhUosophio 
Positive " was written ; and, naturally, the papal spirit 
1 Loc cit., Pii^'aco Su^ialc, pp. i. ii 



shows itself in that work, not only in the ways 1 
have already mentioned, but, notably, in the attack 
on liberty of conscience which brealis out in the fourth 
volume ; — 

"H D'y a point de liliert^ de coDBcTenfie en aBtronomie, enp'hywquei 
ea chimie, en physiologie meme, en ce sens que chacun trouverdt 
absurde de ne pm croire de coiiH:^nce aiuc piincipes ctabli^ dons 1[]3 
sciences par les honuaes cofflpc tents." 

"Nothing in ultramontane Catholicism " can, in my 
judgment, be more completely sacerdotal, more entirely 
anti-scientific, than this dictum. All the great steps in 
the advancement of science have been made by juEt 
those men who have not hesitated to doubt the "prin- 
ciples established in the sciences by competent persons;" 
and the great teaching of science — the great use of it as 
an instrument of mental discipline — is its constant incul- 
cation of the maxim, that the sole grounc. on which any 
statement has a right to be believed is the impossibility 
of refuting it, 

Thus, without travelling beyond the limits of the 
"Philosophie Positive," we find its author contempla- 
ting the establishment of a system of society, in which 
an organized spiritual power shall over-ride and direct 
the temporal power, as completely as the Innocents and 
Gregorys tried to govern Europe in the middle ages ; and 
repudiating the exercise of liberty of conscience against 
the "kommes competents," of whom, by the assump- 
tion, the new priesthood would be composed. "Was 
Mr. Congreve as forgetful of this, as he seems to have 
been of some other parts of the " Philosophic Positive," 
when he wrote, that "in any Umited, cai'eful use of 
the term, no candid man eouJd say that the Positive 
Philosophy contained a great deal as thoroughly anta- 
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gonistic to [the very essence of^] science as CathoU- 

M. Comte, it -ktH have been observed, desires to refcun 
the whole of Catholic organization ; and the logical 
practical result of this part of his doctrine would be 
the establishment of something corresponding with that 
eminently Catholic, but admittedly anti-scientific, insti- 
totion — the Holy Office. 

I hope I have said enough to show that I wrote the few 
lines I devoted to M. Comte and his philosophy, neither 
unguardedly nor ignorantly, still less maliciously. I 
shall be sorry if what I have now added, in my own 
jnstification, should lead any to suppose that I think 
51. Cointe'a works worthless; or that I do not heartUy 
respect, and sympathise with, those who hav» been im- 
pelled by him to think deeply upon social problems, 
and to strive nobly for social regeneration. It is the 
virtue of that impulse, 1 believe, which will save 
the name and fame of Auguste Comte from oblivion. 
Aa for bis philosophy, I part with it by quoting 
his own words, reported to me by a quondam Comtist, 
now an eminent member of the Institute of France, 

, Charles Eobin : — 

" La PhilosopLia eat nne tentative tncessante de I'espritlmniaiiiponr 
dver aa repos : maia elle se trouve incessanment aussi dcrangSe par 
I progris continus de Is ecieuca, Do li vient pour la philosopte 
tbligation de lefaire chaque soil la eynth^w de gcs coc captions ; et 
K joDi vieudia oil rhomme takonnable ne fera plus d'auUe unkia 



* Mr. Cougreve leaves ont these important worf% whicli show tlat I refa 
b tlia Bpiii^ and not to t^e details of science. - 



ON A PIECE OF CHALK. 

A LECTUEE TO W0REI^'■O MEN. 

IB" a well were to be sunt at our feet in the midst of 
the city of Norwich, the diggers would very soon find 
themselves at work ia that white substance almost too 
soft to be called rock, with which we are all familiar as 
" chalk." 

Not only here, but over the whole county of Norfolk, 
the weU-sinker might carry his shaft down many hundred 
feet without coming to the end of the chalk ; and, on 
the sea-coast, where the waves have pared away the 
face of the land which breasts them, the scarped faces 
of the high cliffs are often wholly formed of the same 
material. Northward, the chalk may be followed as far 
as Yorkshire ; on the south coast it appears abruptly 
in the picturesque western bays of Dorset, and breala 
into the Needles of the Isle of Wight ; while on the 
shores of Kent it suppHea that long line of white cliffa 
to which England owes her name of Albion. 

"Were the thin soil which covers it all washed away, 
a curved band of white chalk, here broader, and there 
narrower, might be followed diagonally across England 
from Lulworth in, Dorset, to Flamborough Head in 
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TorksHre — a distance of over 280 miles aa the crow 
flies. 

From this band to the North Sea, on the east, and the 
Channel, on the south, the chalk is largely hidden by 
other deposits ; but, except in the "Weald of Kent and 
Susses, it enters into the very foundation of all the 
south-eastern counties. 

Attaining, as it does in some places, a thickness of 
more than a thousand feet, the EngHsh chalk must be 
admitted to be a mass of considerable magnitude. 
Nevertheless, it covers but an insignifieant portion of 
the whole area occupied by the chalk formation of the 
globe, ■which has precisely the same general characters 
as ours, and is found in detached patches, some less, 
and others more extensive, than the Enghsh 

Chalk occurs in north-west Ireland ; it stretches over 
large part of France, — the chalk which midcrlies Paris 
^ing, in fact, a continuation of that of the London 
basin; it runs through Denmark and Central Europe, and 
extends southward to North Africa ; while eastward, it 
appears in the Crimea and in Syria, and may be traced 
fis far as the shores of the Sea of Aral, in Central Asia. 

If all the points at which true chalk occurs were 
drcumecribed, they would lie within an irrrcgular oval 
about 3,000 miles in long diameter — the area of which 
■would be as great as that of Europe, and would many 
times exceed that of the largest existing inland sea — 
the Mediterranean. 

Thus the chalk ia no unimportant element in the 
masonry of the earth's crust, and it impresses a peeuKar 
Btamp, varying with the conditions to which it is 
-esposed, on the scenery of the districts in which it 
occurs. The undulating downs and rounded coombs, 
covered with sweet-grassed turf, of our inland chalk 
countrj', have a peacefully domestic and mutton- 
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suggesting prettinesa, but can hardly be called, either 
grand or bcautifuL But on our southem coasts, the 
wall-sided cliffs, many hundred feet bigh, with vast 
needles and pinnacles standing out in the sea, sharp 
and solitary cnougli to serve as perches for the wary 
cormorant, confer a wonderful beauty and grandeur 
upon the chalk headlands. And, in the East, chalk lias 
its share in the formation of some of the most venerable 
of mountain ranges, such as the Lebanon. 

What is this wide-spread component of the surface of 
the earth "i and whence did it come ? 

You may think this no very hopeful inquiry. You 
may not unnaturally suppose that the attempt to solve 
such problems as these can lead to no result, save that 
of entangling the inquirer in vaj^ue speculations, in- 
capable of refutation and of verification. 

If such were really the case, I should have selected 
some other subject than a "piece of chalk" for my 
discourse. But, in truth, after much deliberation, I 
have been unable to think of any topic which would so 
well enable me to lead you to see how soHd is the foun- 
dation upon which some of the most startling conclusions 
of physical science rest. 

A great chapter of the history of the world is written 
in the chalk. Few passages in the history of man can 
be supported by such an overwhelming mass of direct 
and. indirect evidence as that which testifies to the truth 
of the fragment of the history of the globe, which I hope 
to enable you to read, with your own eyes, to-night. 

Let me add, that few chapters of human history have 
a more profound significance for ourselves. I weigh 
my words well when I assert, that the man who should 
know the true history of the bit of chalk which every 
carpenter carries about in his breeches-pocket, though 
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ignorant of all other history, is likely, if he will think 
his knowledge out to its ultimate results, to have a truer, 
and therefore a better, conception of this wonderful 
universe, and of man's relation to it, than the most 
learned student who is deep-read in the records of 
humanity and ignorant of those of Nature. 

The language of the chalk is not hard to learn, not 
nearly so hard as Latin, if you only want to get at the 
broad features of the story it has to tell ; and I pro- 
pose that we now set to work to spell tliat story out 
together. 

We all know that if we "bum" chalk the result 
is quicklime. Chalk, in fact, is a compound of carbonic 
acid gas, and lime, and when you make it very hot the 
carbonic acid flics away and the lime is left. 

By this method of procedure we see the lime, but we 
do not see the carbonic acid. If, on the other hand, you 
were to powder a little chalk and drop it into a good 
deal of strong vinegar, there would be a great bubbling 
and fizzing, and, finally, a clear liquid, in which no sign 
of chalk would appear. Here you see the carbonic acid 
in the bubbles; the lime, dissolved in the vinegar, 
vanishes from sight. There are a great many other 
ways of showing that chalk is essentially nothing but 
carbonic acid and quickUme. Chemists enunciate the 
result of all the experiments which prove this, by 
stating that chalk is almost wholly composed of " car- 
bonate of lime.'' 

It is desirable for us to start from the knowledge of 
this fact, though it may not seem to help us very far 
towards what we seek. For carbonate of lime is a widely- 
spread substance, and is met with under very various 
conditions. All sorts of limestones are composed of 
more or less pure carbonate of lime. The crust which 
is often deposited by waters which have drained through 
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limestone rocks, in the form of what are called stalag- 
aiit«s and stalactites, is carbonate of lime. Or, to tiike 
a more familiar examxile, the fur on the inside of a tear 
kettle is carbonate of lime ; and, for anything chemistry 
tells us to the contrary, the chalk might be a kind of 
^gantic fm' upon the bottom of the earth-kettle, which 
is kept pretty hot below. 

Let us try another method of making the chalk tcD 
us its own history. To the unassisted eye chalk looks 
iimply like a very loose and open kind of stone. But 
it is po!=5ib!e to grind a slice of chalk down so thin that 
you can see through it — until it is thin enough, in fact, 
to be examined with any magnifying power that maj 
be thought desirable. A thin slice of the fur of » 
kettle might be made in the same way. If it wert 
examined microscopically, it would show itself to be 
a more or less distinctly laminated mineral substance, 
and nothing more. 

But the sHce of chalk presents a totally diSercnl 
appearance when placed under the microscope. The 
general mass of it is made up of very minute granules , 
but, imbedded in this matrix, are innumerable bodies, 
some smaller and some larger, but, on a rough average, 
not more than a hundredth of an inch in diameter, 
having a well-defined shape and structure. A cubic 
inch of some specimens of chalk may contain hundreds 
of thousands of these bodies, compacted together witb 
incalculable millions of the granules. 

The examination of a transparent slice gives a good 
notion of the manner in which the components of the 
chalk are arranged, and of their relative proportions. 
But, by rubbing up some chalk with a brush in water 
and then pouring off the milky fluid, so as to obtaiu 
sediments of different degrees of fineness, the granules 
and the minute roimded bodies m^y be prettj well 
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separated from one another, and submitted to micro- 
scopic examination, either as opaque or as transparent 
objects. By combining the views obtained in these 
various methods, each of the rounded bodies may be 
proved to be a beautifully-constructed calcareous fabric, 
made up of a number of chambers, communicating freely 
with one another. The chambered bodies are of various 
forms. One of the commonest is soraethiug like a 
badly-grown raspberry, being formed of a number of 
nearly globular chambers of different sizes congregated 
together. It is called Ghhigerina, and some specimens 
of chalk consist of little else than GlohigerincB and 
granules. 

Let us fix our attention upon the Glohi(/erijia. It is 
the spoor of the game we are tracking. If we can learn 
what it is and what are the conditions of its existence, 
we shall see our way to the origin and past history of 
the chalk. 

A suggestion which may naturally enough present 
itself is, tiat these curious bodies arc the result of some 
process of aggregation which has taken place in the 
carbonate of lime ; that, just as in winter, the rime on 
our windows simulates the most delicate and elegantly 
arborescent foliage — proving that the mere mineral water 
may, under certain conditions, assume the outward form 
of organic bodies — so this mineral substance, carbonate 
of lime, hidden away in the bowels of the earth, has 
taken the shape of these chambered bodies. I am not 
raising a merely fanciful and unreal objectioiL Very 
learned men, in former days, have even entertained the 
notion that all the formed things found in rocks are of 
this nature ; and if no such conception is at present 
held to be admissible, it is because long and varied 
experience baa now shown that mineral matter never 
does assume the form and structure we find in fossils. 
N2 
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If any one were to try to persuade you that an oyster- 
shell (which is also chiefly composed of carbonate of 
lime) had crystallized out of sea- water, I suppose you 
would laugh at the absurdity. Your laughter would 
be justified by the fact that all experience tends to 
show that oyster-shells are formed by the agency of 
oysters, and in no other way. And if there were no 
better reasons, we should be justified, on like grounds, 
in believing that Glohigerina is not the product of any- 
thing but vital activity. 

Happily, however, better evidence in proof of the 
organic nature of the GlobigerincB than that of analogy 
is forthcoming. It so happens that calcareous skeletons, 
exactly similar to the GlobigerincB of the chalk, are 
l^eing formed, at the present moment, by minute living 
creatures, which flourish in multitudes, literally more 
numerous than the sands of the sea-shore, over a large 
extent of that part of the earth's surface which is 
covered by the ocean. 

The history of the discovery of these living GloU- 
gerince, and of the part which they play in rock 
building, is singular enough. It is a discovery which, 
like others of no less scientific importance, has arisen, 
incidentally, out of work devoted to very difierent and 
exceedingly practical interests. 

When men first took to the sea, they speedily learned 
to look out for shoals and rocks; and the more the 
burthen of their ships increased, the more imperatively 
necessary it became for sailors to ascertain with precision 
the depth of the waters they traversed. Out of this 
necessity grew the use of the lead and sounding line; 
and, ultimately, marine-surveying, which is the recording 
of the form of coasts and of the depth of the sea> as 
ascertained by the sounding-lead, upon charts. 

At the same time, it became desirable to ascertain 
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and to indicate the nature of the sea-bottom, since this 
circumstance greatly affects its goodness as holding 
ground for anchors. Some ingenious tar, whose name 
deserves a better fate than the oblivion into which it 
has fallen, attained this object by " arming " the bottom 
of the lead with a lump of grease, to which more or less 
of the sand or mud, or broken shells, as the case might 
be, adhered, and was brought to the surface. But, 
however well adapted such an apparatus might be for 
rough nautical purposes, scientific accuracy could not be 
expected fix)m the armed lead, and to remedy its defects 
(especially when applied to sounding in great depths) 
Lieut. Brooke, of the American Navy, some years ago 
invented a most ingenious machine, by which a consider- 
able portion of the ^perficial layer of the sea-bottom 
can be scooped out and brought up, from any depth to 
which the lead descends. 

In 1853, Lieut. Brooke obtained mud from the bottom 
of the North Atlantic, between Newfoundland and the 
Azores, at a depth of more than 10,000 feet, or two 
miles, by the help of this sounding apparatus. The 
epecimens were sent for examination to Ehrenberg of 
Berlin, and to Bailey of West Point, and those able 
microscopists found that this deep-sea mud was 
almost entirely composed of the skeletons of living 
organisms — the greater proportion of these being just 
like the GlohigerincB already known to occur in the 
chalk. 

Thus far, the work had been carried on simply in the 
interests of science, but Lieut. Brooke's method of sound- 
ing acquired a high commercial value, when the enter- 
prise of laying down the telegraph-cable between this 
country and the United States was undertaken. For 
it became a matter of immense importance to know, 
not only the depth of the sea over the whole line along 
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which the cable was to be laid, but the esact nature of 
the bottom, so as to guard against chances of catting or 
frajrin:; the strands of that costly rope. The Admiralty 
consequently" ordered Captain Dayman, an old friend and 
shipmate of mine, to ascertain the depth over the whole 
line of the cable, and to bring back specimens of the 
bottom. In former days, such a command as this might 
have sounded very much like one of the impossible things 
which the young prince in the Fairy Tales is ordered to 
do before he can obtain the hand of the Princess. How- 
ever, in, the months of June and July 1S57, my friend 
performed the task assigned to him with great espeditiou 
and precision, without, so far as I know, having met with 
any reward of that kind. The specimens of Atlantic 
mud which he procured were sent to me to be examined 
and reported upon.^ 

The result of all these operations is, that we know the 
contours and the nature of the surface-soil covered by 
the North Atlantic, for a distance of 1,700 miles from 
east to west, as well as wa know that of any part of 
the diy land. 

It is a prodigious plain — one of the widest and most 
even plains in the world. If the sea were drained off, 
you might drive a wagon all the way from Valentia, on 
ihe west coast of Ireland, to Trinity Bay, in Newfound- 
land. And, except upon one sharp incline about 200 
miles from Valentia, I am not quite sure that it would 
even be necessary to put the skid on, so gentle are the 
ascents and descents upon that long route. From Valentia 



' See Apppodix to Captain Dayman's "Decp-aea Soiradings in the North 
Atlantic Oce»n, between Ireland and Newfoundland, made in H.MJ3. 
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She road woulfl lie down-hill for about 200 mileti to the 
^loint at wbich the bottom is bow covered by 1,700 
fathoms of sea-water. Then would come the central 
plain, more than a thousand miles wide, the inequalities 
of the surface of which would be hardly perceptible, 
though the depth of water upon it now varies from 
10,000 to 15,000 feet; and there are places in which 
filont Blanc might be sunk without showing its peak 
above water. Beyond this, the ascent on the American 
side commences, and gradually leads, for about 300 
miles, to the Newfoundland shore. 

Almost the whole of the bottom of this central plain 
(which extends for many hundred miles in a north and 
south direction) is covered by a fine mud, which, when 
brought to the surface, dries into a greyish-white friable 
substance. Tou can write with this on a blackboard, if 
you are so inclined ; and, to the eye, it is quite like very 
soft, greyish chalk. Examined chemically, it proves to 
be composed almost wholly of carbonate of lime ; and if 
you make a section of it, in the same way as that of the 
piece of chalk was made, and view it with the micro- 
scope, it presents innumerable Globigerinm embedded 
in a granular matrix. 

Thus this deep-sea mud is substantially chalk. I say 
substantially, because there are a good many min or dif- 
ferences ; but aa these have no bearing on the question 
immediately before us, — which is the nature of the 
GlohigerincB of the chall^ — it is unnecessary to speak 
qI them. 

GlohigerincB of every size, from the smallest to the 
lai^eat, are associated together in the Atlantic mud, and 
the chambers of many are filled by a soft animal matter. 
This soft substance is, in fact, the remains of the creature 
to which the Gldbigerina shell, or rather skeleton, owes 
its existence — and which is an animal of the simplest 
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imarinaW': dc.^criptioiL It if?, in fact, a mere particle 
of Jiviij:;^ j^--*y> without dj^nid parts of any kind — 
'.vitLout a mouth, nerves, mu^c^es, or distinct organs, 
and only manifesting it3 vitality to ordinary observation 
by thru?:tin:j out and retracting from all parts of its 
surface, lon;r filamentous processes, which serve for arms 
and I'rgs. Yet this amorphous particle, devoid of every- 
thing/ which, in the higher animals, we call organs, is 
cm;mWo of feeding, growing, and multiplying; of sepa- 
rating from the ocean the small proportion of carbonate 
of lim'i which is dissolved in sea water; and of 
buildin;^ up that substance into a skeleton for itself, 
according to a pattern which can be imitated by no 
other known agency. 

The notion tiiat animals can live and flourisb in the 
sea, at the vast depths from which apparently living 
Glohir/eri'ucB have been brought up, does not agree very 
well with our usual conceptions respecting the conditions 
of animal life ; and it is not so absolutely impossible as 
it might at first sight appear to be, that the Ghhigerinm 
of the Atlantic sea-bottom do not live and die where 
they are found. 

As I have mentioned, the soundings from the great 
Atlantic plain are almost entirely made up of Glohir 
r/erincB, with the granules which have been mentioned, 
and some few other calcareous shells ; but a small per- 
centage of the chalky mud — ^perhaps at most some five 
j)er cent, of it — is of a difierent nature, and consists of 
shc^lls and skeletons composed of silex, or pure flint These 
silicious bodies belong partly to the lowly vegetable 
oi'ganisms which are called DiatomacecBy and partly to 
tli(3 minute, and extremely simple, animals, termed 
Rctdiolaria. It is quite certain that these creatures 
do not live at the bottom of the ocean, but at its 
surface — where they may be obtained in prodigious 



V 



rx.] Qn n f im of Cljalh. 185 

numbers by the use of a properly constructed net. 
Hence it follows that these silicious organisms, though 
they are not heavier than the lightest dust, must have 
fallen, in some cases, through fifteen thousand feet of 
water, before they reached their final resting-place on 
the ocean floor. And, considering how large a surface 
these bodies expose in proportion to their weight, it 
is probable that they occupy a great length of time 
in making their burial journey from the surface of the 
Atlantic to the bottom. 

But if the Radiolaria and Diatoms are thus rained 
upon the bottom of the sea, from the superficial layer 
of its waters in which they pass their lives, it is ob- 
viously possible that the Globigerince may be similarly 
derived f and if they were so, it would be much mori 
easy to understand how they obtain their supply of food 
than it is at present Nevertheless, the positive and 
negative evidence all points the other way. The 
skeletons of the full-grown, deep-sea GlohigerincB are 
so remarkably solid and heavy in proportion to their 
surface as to seem little fitted for floating; and, as a 
matter of fact, they are not to be found along with the 
Diatoms and Radiolaria^ in the uppermost stratum of 
the open ocean. 

It has been observed, again, that the abundance of 
GlohigeHncBy in proportion to other organisms, of like 
kind, increases with the depth of the sea ; and that 
deep-water GlohigerincB are larger than those which live 
in shallower parts of the sea ; and such facts negative 
the supposition that these organisms have been swept by 
ctirrents from the shallows into the deeps of the Atlantic. 

It therefore seems to be hardly doubtful that these 
wonderful creatures live and die at the depths in which 
they are found ^ 

* Daring the cruise of'H.M.S. BulUdog^ commanded bj Sir Leopold 
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However, tie important points for ua are, that the 
living Ohhigerinis arc exclusively marine animals, the 
sbeletona of which abound at the bottom of deep seaa ; 
and that there is not a. shadow of reason for believing 
that the habits of the GlobigerincB of the chalk differed 
from those of the exiting species. But if this be true, 
there is no escaping the conclusion that the chalk itself 
is the dried mud of an ancient deep sea. 

In working over the soundings collected by Captain 
Dayman, I was surprised to find that many of what 
I have called the " granules" of that mud, were not, as 
one might have been tempted to think at fii'st, the mere 
powder and waste of GlobigerincB, but that they had a 
definite, form and size. I termed these bodies " cocco- 
liths" and doubted theh" organic nature. Dr. Wallich 
verified my observation, and added the interesting 
discovery that, not unfrequently, bodies similar to these 
"coccoliths" were aggregated together into spheroids, 
which he termed " coccospheres." So far as we knew, 
these bodies, the nature of which ia extremely puzzling 
and problematical, were peculiar to the Atlantic 
soundings. 

But, a few years ago, Mr. Sorby, in making a careful 
examination of the chalk by means of thin sections and 
otherwise, observed, as Ehrenberg had done before him. 
that much of its granular basis possesses a definite form. . 
Comparing these formed particles with those in the J 

Sl'CIintock, in ISftH, living Btar-fiab were bronght up, clmging to Hba lo 
reirt of the aoiinding-line, from a depth of 1,260 fathoms, midway It '' 
Cape Farewell, in Greenland, and the Eookall banks. Dr. Waliichaac* 
that the sea-bottom at this point uoDsiated of the ordinary Olobigerina oi 
and that the Btomacha of the star-fishes were iaH of Gtoiigerina. 1 
discovery removes all objectiona to the existence of living Qlobigerinm i 
Sn'eat depths, which are bas«d upon the supposed difBcnlty of maintun'"" 
animal life under such conditions ; and i( throws the burden of proof u 
those who object to the Buppositian that the Globigerina live and die vne 
they ore found. 



Atlantic soimdmgs, be found the two to be identical ; 
and thus proved that the chalk, like the soundings, 
contains these mysterious coccoliths and coccospheres. 
Here was a further and a most interesting confirraation, 
from internal evidence, of the essential identity of the 
chalk with modem deep-sea mud, Glohigennw, cocco- 
liths, and coccospheres are found as the chief constituents 
of both, and testify to the general similarity of the con- 
ditions under which both have been formed.^ 

The evidence furnished by the hewing, facing, and 
Buiierposition of the stones of the Pyramids, that these 
fitiTieturea were built by men, has no greater weight 
than the evidence that the chalk was buUt by Glohi- 
gerincB; and the belief that those ancient pyramid- 
builders were terrestrial and air-breathing creatures like 
ourselves, is it not better based than the conviction that 
the chalk-makers lived in the sea. 

But as our belief in the building of the Pyramids by 
men is not only grounded on the internal evidence 
afforded by these structures, but gathers strength from 
multitudinous collateral proofs, and is clinched by the 
total absence of any reason for a contrary belief ; so the 
evidence drawn from the Gloherigina that the chalk is 
an ancient sea-bottom, is fortified by innumerable inde- 
pendent lines of evidence ; and our belief in the truth 
of the concluaiou to which all positive testimony tends, 
reeeives'the like negative justification from the fict that 
no other hypothesis has a shadow of foundation. 

It may be worth while briefly to consider a few of 
these collateral proofs that the chalk was deposited at 
the bottom of the sea. 

* I have recently traced out the developnieiit of tbe " cccoolitiu " from a 
diiuueter of rj^tli of an inch up to Iheir krgtst size (which ib about jB',7jjth), 
and no longer douLt that they are produced by independent organiama, wliioh, 
like the Qloliigtrinrr,, live aud die at the bottom of the sea. 
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The p;i*eat mass of the chalk is composed aa w 
seen, of the ekeletous of GlobigeriiKE, and other 
organisms, imbedded in granular matter. Here and 
there, however, this hardened mud of the ancient sea. 
reveals the remains of higher animals which have lived 
and died, and left their hard parts in the mud, just as 
the oysters die and leave their shells behind them, in the 
mud of the present seas. 

There are, at the present day, certain groups of animals 
which are never found in freah waters, being unable to 
live anywhere but in the sea. Such are the corals ; those 
corallines which are called Polyzoa ; those creatures 
which fabricate the lamp-shells, and are called SjuchaO' 
■poda ; the pearly Nautilus, and all animals allied to 
it ; and all the forms of sea-urchins and star-fishes. 

Not only are all these creatures confined to salt watn 
at the present day ; but, so far as our records of the past 
go, the conditions of their existence have been the same : 
hence, their occurrence in any deposit is as strong 
evidence as can be obtained, that that deposit was 
formed in the sea. Now the remains of animals of all 
:he kinds which have been enumerated, occur in the 
chalk, in greater or less abundance ; while not one of 
those forms of sheU-fish which are characteristic of fresh 
water has yet been observed in it. 

When we consider that the remains of more than three 
thousand distinct species of aquatic animals have beem 
discovered among the fossils of the chalk, that the great 
majority of them are of such forms as are now met with 
only in the sea, and that there is no reason to believe 
that any one of them inhabited fresh water— the collateral 
evidence that the chalk represents an ancient sea-bottom 
acquires as great force as the proof derived from the 
nature of the chalk itself. I think you will now allow 
that I did not overstate my case when I asserted that 
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we have as strong grounds for believing that all the vast 
area of dry land, at present occupied by the chalk, was 
once at the bottom of the sea, as we have for any matter 
of history whatever ; while there is no justification for 
any other belief. 

No less certain it is that the time during which 
the countries we now call south-east England, France, 
Germany, Poland, Eussia, Egjrpt, Arabia, Syria, were 
more or less completely covered by a deep sea, was of 
considerable duration. 

We have abeady seen that the chalk is, in places, 
more than a thousand feet thick. I think you will 
agree with me, that it must have taken some time for 
the skeletons of animalcules of a hundredth of an inch in 
diameter to heap up such a mass as that. I have said 
that throughout the thickness of the chalk the remains 
of other animals are scattered. These remains are often 
in the most exquisite state of preservation. The valves 
of the shell-fishes are commonly adherent ; the long 
spines of some of the sea-urchins, which would be de- 
tached by the smallest jar, often remain in their places. 
In a word, it is certain that these animals have lived 
and died when the place which they now occupy was 
the surface of as much of the chalk as had then been 
deposited ; and that each has been covered up by the 
layer of Globigerina mud, upon which the creatures 
imbedded a little higher up have, in like manner, lived 
and died. But some of these remains prove the existence 
of reptiles of vast size in the chalk se£u These lived 
their time, and had their ancestors and descendants, 
which assuredly implies time, reptiles being of slow 
growth. 

There is more curious evidence, again, that the process 
of covering up, or, in other words, the deposit of Globi- 
gerina skeletons, did not go on very fast. It is demon- 
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strable that aa animal of the cretaceous sea might die, 
that ita skeleton might lie uncovered upon the sea-bottom 
long enough to lose all its outward coverings and appen- 
dages by putrefaction ; and that, after this had happened, 
another animal might attach itself to the dead and naked 
skeleton, might grow to maturity, and might itself die 
before the calcareous mud had buried the whole. 

Cases of this kind are admirably described by Sit 
Charles LyelL He speaks of the frequency with which 
geologists find in the chalk a fossilized sea-urchin, to 
which is attached the lower valve of a Crania. Thia 
is a kind of shell-fish, with a shell composed of two 
pieces, of which, as in the oyster, one is fixed and the 
other free. 

"The upper valve is almost invariably wantin; 
though occasionally found in a perfect state of pn 
servation in the white chalk at some distance. In thi! 
case, we see clearly that the sea-m:cbin first lived from 
youth to age, then died and lost its spines, which were 
carried away. Then the young Crania adhered to the 
bared shell, grew and perished in its turn ; after whicb^ 
the upper valve was separated from the lower, before 
the Echinus became enveloped in chalky mud."^ 

A specimen in the Museum of Practical Geology 
London, still further prolongs the period which must have 
elapsed between the death of the sea-urchin, and its burial 
by the GlobigerincB. For the outward face of the valve ol 
a Crania, which is attached to a sea-urchin {Mtcraster), 
is itself overrun by an incrusting coralline, which spreads 
thence over more or less of the surface of the sea-urchiiL 
It follows that, after the upper valve of the Crania fell 
off, the surface of the attached valve must have remained 
exposed long enough to allow of the growth of the whole 
coralline, since corallines do not live imbedded in mud. 

1 " Elements of G«ology," by Sir Charles Lyell, Bart. F.E.S., p. 23. 



The progress of knowledge may, one day, enable us 
to deduce from such facts as these the masimura rate 
at which the chalk can have accumulated, and thus to 
arrive at the minimum duration of the chalk period. 
Suppose that the valve of the Crania upon which a 
coralline has fixed itaelf in the way just described, is so 
attached to the sea-urchin that no part of it is more than 
an inch above the face upon which the sea-urchin rests. 
Then, aa the coralline could not have fixed itself, if the 
Crania had been covered up with chalk mud, and 
could not have lived had itself been so covered, it follows, 
that an inch of chalk mud could not have accumulated 
within the time between the death and decay of the soft 
parts of the sea-urchin and the growth of the coralline to 
the full eize which it has attained. If the decay of the 
soft parts of the sea-urchin ; the attachment, growth to 
maturity, and decay of the Crania; and the subsequent 
attachment and growth of the coralline, took a year 
(which is a low edLimate enough), the accumulation of 
the inch of chalk must have taken more than a year: 
and the deposit of a thousand feet of chalk must, 
consequently, havt taken more than twelve thuoaand 
years. 

The foundation of all tliis calculation is, of course, a 
knowledge of the length of time the Crania and the 
coralline needed to attain their full size; and, on tliia 
head, precise knowledge ia at present wanting. But 
there are circumstances which tend to show, that nothing 
like an inch of chalk has accumulated during the life of 
a Crania ; and, on any probable estimate of the length 
of that life, the chalk period must have had a much 
iunger duration than that thus roughly assigned to it 

Thus, not only is it certain that the chalk is the mud of 
aa ancient ssa-hottom ; but it is no less certain, that the 



chalk sea existed during an extremely long period, tbongh 
we may not be prepared to give a precise estimate of the 
length of that period in years. The relative durr.tion is 
clear, though the absolute duration may not be definahle. 
The attempt to affix any precise date to the period at 
which the chalk sea began, or ended, its existence, is 
baffled by difficulties of the same kind. But the rela- 
tive age of the eretaeeoua epoch may be determined 
mth as great ease and certainty as the long duration 
of that epoch. 

You will have beard of the interesting discoveries 
recently made, in various parts of Western Europe, of 
flint implements, obviously worked into shape by human 
hands, under circumstances which show conclusively that 
man is a very ancient denizen of these regions. 

It has been proved that the old populations of Europe, 
whose existence has been revealed to us in this way, con- 
sisted of savages, such as the Esquimaux are now ; that, 
in the country ■which is now France, they hunted the 
reindeer, and were familiar with the ways of the mam- 
moth and the bison. The physical geography of Prance 
was in those days different from what it is now — the 
river Sorame, for instance, having cut its bed a hundred 
feet deeper between that time and this ; and, it is pro- 
bable, that the climate was more like that of Canada 
or Siberia, than that of "Western Europe. 

The existence of these people is forgotten even in the 
traditions of the oldest historical nations. The name 
and fame of them had utterly vanished until a few 
years back ; and the amount of physical change which 
has been effected since their day, renders it more than 
probable that, venerable as are sorae of the historical 
nations, the workers of the chipped flints of Hoxne 
of Amiens are to them, as they are to us, in point 
antiquity. 



But, if we aaaign to these hoar rclica of long-vanished 
generations of men the greatest age that can posailily be 
claimed for them, they are not older than the di'ift, or 
boulder clay, which, in comparison with the chalk, is 
but a very juvenile deposit. You need go no further 
than yoiu' own sea-board for evidence of thia fact At 
one of the most charming spots on the coast of Norfolk, 
Cromer, you will see the boulder clay forming a vast 
mass, which lies upon the chalk, and must consequently 
have come into existence after it Huge boulders of 
chalk are, in fact included in the clay, and have evi- 
dently been brought to the position they now occupy, 
by the same agency as that which has planted blocks of 
syenite from Norway side by side with them. 

The chalk, then, is certainly older th;in the boulder 
clay. If you ask how much, I will again take you no 
further than the same spot upon your own coasts for 
evidence. I have spoken of the boulder clay and drift 
afi resting upon the chalk. That ia not strictly trua 
Interposed between the chalk and the drift ia a compa- 
ratively insignificant layer, containing vegetable matter. 
But that layer tells a wonderful history. It is full of 
stumps of ixeea standing as they grew. Fir-treea are 
there with their cones, and hazel-bushes with their nuts ; 
there stand the stools of oak and yew trees, beeches and 
alders. Hence this stratum is appropriately called the 
"forest-bed." 

It is obvious that the chalk must have been upheaved 
and converted into dry land, before the timber trees 
could grow upon it. As the bolls of some of these trees 
are from two to three feet in diameter, it ia no less clear 
that the dry land thus formed remained in the same 
condition for long agea. And not only do the remains 
of stately oaks and well-grown firs testify to the duration 
; of this condition of things, but additional evidence to 
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the same effect is afforded by the abundant remains of 
elephants, rhinoeeroaes, hippopotamuses, and other great 
wild beasts, which it has yielded to the zealous search of ' 
such men as the Rev. Mr, Gunn, 

When you look at such a collection as he has formed, I 
and bethink you that these elephantine bones did veritably 
carry their owners about, and these great grinders crunehj 
in the dark wooda of which the forest-bed is now the 
only trace, it is impossible not to feel that they are as 
gnod evidence of the lapse of time as the annual rings 
of the tree-stumps. 

Thus there is a writing upon the wall of cliffs at 
Cromer, and whoao runs may read it. It tells ns, with 
an authority which cannot be impeached, that the 
ancient sea-bed of the chalk sea was raised up, and 
remained dry land, until it was covered with forest, 
stocked with the great game whose spoils have rejoiced 
your geologists. How long it remained in that condition, 
cannot be said ; but "the whirligig of time brought ita 
revenges " in those days as in these. That dry land, 
with the bones and teeth of generations of long-lived 
elephants, hidden away among the gnarled roots and dry 
leaves of its ancient trees, sank gradually to the bottom 
of the icy sea, which covered it with huge masses of 
drift and boulder clay. Sea-beasts, such as the walrus, 
now restricted to the extreme north, paddled about where 
birds had twittered among the topmost twigs of the fir' 
trees. How long this state of things endured we know 
not, but at length it came to an end. The upheaved 
glacial mud hardened into the soil of modem Norfolk. 
Forests gi-ew once more, the wolf and the beaver re- 
placed the reindeer and the elephant ; and at length 
what we call the history of England dawned. 

Thus you have, within the Umits of your own county, 
proof that the chalk can justly claim a very much 



greater antiquity tliau even the oldest physical traces of 
mankind. But wc may go further and demonstrate, by 
evidence of the same authority as that which testifies to 
the existence of the father of men, that the chalk is 
vastly older than Adam himself. 

The Book of Genesis informs us that Adam, immediately 
upon his creation, and before the appearance of Eve, was 
placed in the Garden of Eden. The problem of the 
geographical position of Eden has greatly vexed the 
spirits of the learned in such matters, but there is one 
point respecting which, so far as I know, no commentator 
has ever raised a doubt. This is, that of the four rivers 
which are said to run out of it, Euphrates and Hiddekel 
are identical with the rivers now known by the names of 
Euphrates and Tigris. 

But the whole country in which these mighty rivers 
take their origin, and through which they run, is 
composed of rocks which are either of the same ago as 
the chalk, or of later date. So that the chalk must not 
only have been formed, but, after its formation, the time 
required for the deposit of these later rocks, and fr*r their 
ipheaval into dry land, must have elapsed, before the 

lallest brook which feeds the swift stream of " the 
it river, the river of Babylon," began to flow. 

Thus, evidence which cannot be rebutted, and which 
need not be strengthened, though if time permitted 
I might indefinitely increase its quantity, compels you 
to believe that the earth, &om the time of the chalk 
to the present day, has been the theatre of a series of 
cbanges as vast in their amount, as they were slow in 
their progress. The area on which we stand haa been 
first sea and then land, for at least four alternations ; 
_ and has remained in each of these conditions for s. 
leriod of great length. 

3 
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Nor have these woaderful metamorphoses of sea into 
land, and of land into sea, been eonfiiied to one comer 
of England. During the chalk period, or "cretaceous 
epoch," not one of the present great physical features of 
the globe was in existence. Our great mountain ranges, 
Pyrenees, Alps, Himalayas, Andes, have all been up- 
heaved since the chalk was deposited, and the cretaceous 
sea flowed over the sites of Sinai and Ararat. 

All this is certain, because rocks of cretaceous, or still 
later, date have shared in the elevatory movements 
which gave rise to these mountain chains ; and may 
be found perched up, in some eases, many thousand 
feet high upon their flanks. And evidence of equal 
cogency demonstrates that, though, in Norfolk, the 
foreat-bed rests directly upon the chalk, yet it dttes so, 
not because the period at which the forest grew imm&- 
diately followed that at which the chalk was formed, 
but because an immense lapse of time, represented 
elsewhere by thousands of feet of rock, is not indicated 
at Cromer. 

I must ask you to believe that there is no less con- 
clusive proof that a still more prolonged succession of 
similar changes occurred, before the chalk was deposited. 
Nor have we any reason to think that the first term in 
the series of these changes is known. The oldest sea- 
beds preserved to us are sands, and mud, and pebbles, 
the wear and tear of rocks which were formed in still 
older oceans. 

But, great as is the magnitude of these physical 
changes of the world, they have been accompanied by 
a no less striking series of modifications in its living 
inhabitants. 

All the great classes of animals, beasts of the field, 
fowls of the air, creeping things, and things which dwell 
in the waters, flourished upon the globe long ages before 



the chalk was deposited. Very few, however, if any, of 
these ancient forms of animal life were identical with 
those which now Uve. Certainly not one of the higher 
animals was of the same species as any of those now in 
existence. The beasts of the field, in the days before 
the chalk, were not our bmsta of the field, nor the fowls 
of the air such as those which the eye of men has seen 
flying, unless his antiquity dates infinitely further back 
than we at present surmise. If we could be carried 
back into those times, we should be aa one suddenly 
Bet down in Australia, before it was colonized. We should 
«ee mammals, birds, reptiles, fishes, insects, snails, and 
the like, clearly recognisable as such, and yet not one 
of them would be just the same as those with which we 
are familiar, and many would be extremely difieront 

From that time to the present, the population of the 
■world has undergone slow and gradual, but incessant, 
changes. There has been no grand catastrophe— no 
destroyer has swept away the forms of life of one 
period, and replaced them by a totally new creation ; 
but one species has vanished and another haa taken 
its place ; creatures of one type of structure have 
diminished, those of another have increased, aa time 
has passed on. And thus, while the differences between 
the living creatures of the time before the chalk and 
those of the present day appeal' startling, if placed 
side by side, we are led from one to the other by the 
most gradual progress, if we follow the course of I\ature 
through the whole series of those relics of her operations 
which she has left behind. 

And it is by the population of the chalk sea that the 
ancient and the modem iahabitanta of the world are 
most completely connected. The groups which arc 
dying out flourish, side by side, with the groups which 
are now the dominant forms of life. 



Thus the chalk contains remains of tha^e strange 
flying and swimming reptiles, the pterodactyl, the ich- 
thyosaurus, and the plesiosanrus, which are found in no 
later depositB, but abounded in preceding ages. The 
chambered shells called ammonites and belemnitea, 
which are so characteristic of the period preceding the 
cretaceous, in like manocr die with it. 

But, amongst these fading remainders of a previous 
state of things, are some very modern forms of life, 
looking like Yankee pedlars among a tribe of Red 
Indians, Crocodiles of modern type appear ; bony 
fishes, many of them very similar to existing species, 
almost supplant the forms of fish which predominate 
in more ancient seas ; and many kinds of living shell- 
fish first become known to us in the chalk. The vege- 
tation acquires a modem aspect. A few living animals 
are not even distinguishable as species, from those which 
existed at that remote epoch. Th^- Ghbigerina of the 
present day, for example, is not difl'ercnt specifically 
from that of the chalk ; and the same may be S£vd 
of many otlier Foraminifera. I think it probable that 
critical and unprejudiced examination will ehow that 
more than one species of much higher animals have had 
a similar longevity ; but the only example which I can 
at present give confidently is the snake's-head lamp- 
shell (Terebratulina caput serpentis), which lives in 
our English seas and abounded (as Terebratulina striata 
of authors) in the chalk. 

The longest line of human ancestry must hide its 
diminished head before the pedigree of this insignificant 
shell-fish. "We Englishmen are proud to have an ancestor 
who was present at the Battle of Hastings. The an- 
cestors of Terebratulina caput seipentis may have been 
present at a battle of Ickthyosauria in that part of the 
sea which, when the chalk was foiming, flowed over the 
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site of Hastings. While all around has changed, this 
Terehratulina has peacefully propagated its speciea from 
generation to generation, and stands to this day, as a 
living testimony to the continuity of the present with 
the past history of the globe. 

Up to this moment I have stated, so far as I know, 
nothing hut well-authenticated facts, and the immediate 
conclusions which they force upon the mind. 

But the mind is so constituted that it does not 
willingly rest in facts and immediate causes, but seek;* 
(dways after a knowledge of the remoter Hnka in the 
chain of causation. 

Taking the many changes of any given spot of the 
earth's surface, from sea to land and from land to sea, 
as an established fact, we cannot refrain ixom asking 
ourselves how these changes have occurred. And when 
we have explained them — as they must be explained 
— by the alternate slow movements of elevation 
and depression which have affected the crust of the 
earth, we go still further back, and ask. Why these 
movements ? 

I am not certain that any one can give you a satis- 
factory answer to that question. Assuredly I cannot. 
All that can be said, for certain, is, that such movement.^ 
are part of the ordinaiy course of nature, inasmuch as 
they are going on at the present time. Direct proof 
may be given, that some parts of the land of the 
northi rn hembphere are at this moment insensibly rising 
and others insensibly sinking; and there is indirect, but 
perfectly satisfactory, proof, that an enormous area now 
covered by the Pacific has been deepened thousands of 
feet^ since the present inhabitants of that sea came into 
existence. 

Thus there is not a shadow of a reason for believing 



that the physical changes of the glohe, in past times, 
have been effected by other than natural causes. 

Is there any more reason for beUeving that the concomi- 
taut modifications in the forms of the living inhabitants 
of the globe have been brought about in other ways ? 

Before attempting to answer this questioiij let us try 
to form a distinct mental picture of what has happened, 
in some special ease. 

The crocodiles are animals which, as a group, have a 
very vast antiquity. They abounded ages before the 
chalk was deposited ; they throng the rivers in warm 
climates, at the present day. There is a difference iii 
the form of the joints of the back-bone, and in some, 
minor particulars, between the crocodiles of the present 
epoch and those which lived before the chalk ; but, in 
the cretaceous epoch, as I have already mentioned, the 
crocodiles had assumed the modem type of structure. 
Notwithstanding this, the crocodiles of the chaJk axe. 
not identically the same as those which lived in the 
times called " older tertiary," which succeeded the cre- 
taceous epoch ; and the crocodiles of the older tertiariea 
are not identical with those of the newer tertiaries, nor 
are these identical with existing forms. I leave open 
the question whether particular species may have lived 
on from epoch to epoch. But each epoch has had ita 
peeuhar crocodiles ; though all, since the chalk, have- 
belonged to the modern type, and differ simply in their 
proportions, and in such structural particulars as are 
discernible only to trained eyes. 

How is the existence of this long succession of dif- 
ferent species of crocodiles to be accounted for ? 
* Only two suppositions seem to be open to us — Either 
each species of crocodile has been specially created, or it 
has arisen out of some pre-existing form by the opera- 
tion of natural causes. 



Choose your hypothesis ; I have chosen mine. T can 
find no warranty for believing in the distinct creation of 
a score of successive species of crocodiles in the course of 
countless ages of time. Science gives no countenance 
to such a wild fancy ; nor can even the perverse 
ingenuity of a commentator pretend to discover this 
sense, in the simple words in which the writer of 
Genesis records the proceedings of the fifth and sixth 
days of the Creation. 

On the other hand, I see no good reason for doubting 
the necessary alternative, that all these varied species 
have been evolved from pre-existing crocodiUan forms, 
by the operation of causes as completely a part of the 
common order of nature, as those which have effected 
the changes of the inorganic world. 

Few will venture to affirm that the reasoning which 
applies to crocodiles loses its force amoug other animals, 
or among plants. If one series of species has come into 
existence by the operation of natural causes, it seems 
folly to deny that all may have arisen m the same way. 

A small beginning has led us to a great ending. If I 
were to put the bit of chalk with which we started into 
the hot but obscure flame of burning hydrogen, it would 
presently shine like the sun. It seems to me that this 
physical metamorphosis is no false image of what has 
been the result of our subjecting it to a jet of fervent, 
though nowise brilliant, thought to-night It has become 
luminous, and its clear rays, penetrating the abyss of 
the remote past, have brought within our ken some stages 
of the evolution of the earth. And in the shifting " with- 
out haste, but without rest" of the land and sea, as in the 
endless variation of the forms assumed by living beings, 
¥e have observed nothing but the natural product of the 
forces originally possessed by the substance of the universe. 



GEOLOGICAL CONTEMPORANEITY AND 
PERSISTENT TYPES OF LIFE. 



Merchants occasioaally go through a wholesome, though 
troublesome and not always satisfactory, process which 
they term " taking stock." After all the excitement of*, 
speculation, the pleasure of gain, and the pain of loa^ 
the trader makes up his mind to face facta and to 
learn the exact quantity and quality of his solid saii 
reliable possessions. 

The man of science does well sometimes to imitate 
this procedure ; and, forgetting for the time the import- 
ance of his own small winnings, to re-examine the 
common stock in trade, so that he may make sure how 
far the stock of bulhon in the cellar — on the feith of 
whose existence so much paper has been circulating — 
is really the RoHd gold of truth. 

The Anniversary Meeting of the Geological Society, 
seems to be an occasion well suited for an undertaking 
of this kind — for an inquiry, in fact, into the nature and 
value of the present results of palseontological investi- 
gation ; and the more so, as aU those who have paid' 
close attention to the late multitudinous discussions 
in which palteontology is implicated, must have felt' 
the m"gent necessity of some such scrutiny. 
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First in order, as the most definite and unquestionable 
of all the results of palaeontology, must be mentioned 
the immense extension and impulse given to botany, 
zoology, and comparative anatomy, by the investigation 
of fossil remains. Indeed, the mass of biological facts 
has been so greatly increased, and the range of biological 
speculation has been so vastly widened, by the researches 
of the geologist and palaeontologist, that it is to be feared 
there are naturalists in existence who look upon geology 
33 Brindley regarded rivers. "Eivers,'^ said the great 
engineer, "were made to feed canals;" and geology, 
some seem to think, was solely created to advance com- 
parative anatomy. 

Were such a thought justifiable, it could hardly expect 
to be received with favour by this assembly. But it 
is not justifiable. Your favourite science has her own 
great aims independent of all others; and if, notwith- 
standing her steady devotion to her own progress, she 
can scatter such rich alms among her sisters, it should 
be remembered that her charity is of the sort that 
does not impoverish, but "blesseth him that gives and 
him that takes." 

Regard the matter as we wiU, however, the facts 
remain. Nearly 40,000 species of animals and plants 
have been added to the Systema Naturae by palaeonto- 
logical research. This is a living population equivalent 
to that of a new continent in mere number ; equivalent 
to that of a new hemisphere, if we take into account the 
small population of insects as yet found fossil, and the 
large proportion and peculiar organization of many of 
the Vertebrata. 

But, beyond this, it is perhaps not too much to say 
that, except for the necessity of interpreting palaeonto- 
logical facts, the laws of distribution would have received 
less careful study; while few comparative anatomists 



(and those not of the first order) would have been . 
induced by mere love of detail, as such, to study th& 
minutiEe of osteology, were it not that in such minutiaa 
lie the only keys to the most interesting riddles offered. 
by the extinct animal world. 

Those assuredly are great and solid gains. Surely it 
is matter for no small congratulation that in half a cen- 
tury (for palfEontology, though it dawned earlier, came 
into fuU day only wilii Cuvier) a subordinate branch of 
biology should have doubled the value and the interest 
of the whole group of sciences to which it belongs, 

But this is not all. Alhed with geology, palseoD- 
tology has established two laws of inestimable import- 
ance : the first, that one and the same area of the eartb'a 
surface has been successively occupied by very different 
kinds of living beings ; the second, that the order of 
succession established in one locality holds good, approxi- 
mately, in alL 

The first of these laws ia imivcrsal and irreversible ; 
the second is an induction from a vast nimiber of 
observations, though it may possibly, and even pro- 
bably, have to admit of exceptions. As a consequence 
of the second law, it follows that a peculiar relation 
frequently subsists between series of strata, containing 
organic remains, in difi'erent localities. The series 
resemble one another, not only in virtue of a general 
resemblance of the organic remains in the two, bat also 
in virtue of a resemblance in the order and character 
of the serial succession in each. There is a resemblance 
of arrangement ; so that the separate terms of each series, 
as well as the whole scries, exhibit a correspondence. 

Succession implies time ; the lower members of a 
series of sedimentary ^^cks are certainly older than 
the upper ; and when the notion of age was once 
introduced as the equivalent of succession, it was no 



wonder that correspondence in succession came to be 
looked upon as correspondence in age, or " contem- 
poraneity." And, indeed, eo long as relative age only 
ia spoken of, eoirespondence in succession is correspon- 
dence in age ; it is relative contemporaneity. 

But it woTild have been very much better for geolcOT 
if 80 loose and ambiguous a word as " contemporaneous 
iad been excluded from her terminology, and if, in its 
stead, some term expressing similarity of serial relation, 
aod excluding the notion of time altogether, had been 
employed to denote correspondence in position in two 
or more series of strata. 

In anatomy, where such correspondence of position 
has constantiy to be spoken of, it is denoted by the 
word " homology " and its derivatives ; and for Geology 
{which after all is only the anatomy and physiology 
of the earth) it might be well to invent some single 
■word, such as " homotaxis " (similarity of order), in 
order to express an essentially similar idea. This, how- 
ever, has not been done, and most probably the inquiry 
will at once be made — To what end burden science with 
a new and strange term in place of one old, fami liar, 
and part of our common language 1 

The reply to this question will become obvious as 
the inquiry into the results of palajontology is pushed 
further. 

Those whose business it is to acquaint themselves 
apecially with the works of paleontologists, in fact, 
will be fully aware that very few, if any, would rest 
satisfied with such a statement of the conclusions of 
their branch of biology as that which has just been 
given. 

Our standard repertories of paleontology profess to 
teach us far higher things — to disclose the entire sue- 
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■•ession of living forms upon the surface of tlie glolio; 
to tell us of a wholly diiibrcut distribution of climatio ' 
conditions in ancient timss; to reveal the character 
of the first of all living existences; and to trace outi 
the law of progress from them to us. 

It may not be unprofitable to bestow on these pro- 1 
fessions a eomewhat more critical examination than] 
tliey have hitherto received, in order to ascertain how 
far they rest on an irrefragable basis ; or whether, after ■ 
all, it might not be well for palaeontologists to leam. 
a little more carefully that scientific " ara artium," the] 
art of saying "I don't know," And to this end 
us define somewhat more exactly the extent of these'l 
pretensions of palEeontology, 

Every one is aware that Professor Bronn's "Unter- 
suchungen" and Professor Pictet's "Traitd de Pal^on- 
tologie" are works of standard authority, familiarly 
consulted by every working paleontologist. It is desir- 
able to speak of these excellent books, and of their 
distinguished authors, with the utmost respect, and in 
a tone as far aa possible removed from carping criticism ; 
indeed, if they are specially cited in this place, it is 
merely in justification of the assertion that the foUow- 
iug propositions, which may be found implicitly, or 
explicitly, in the works in question, are regarded by 
the mass of palceontologists and geologists, not only 
on the Continent but in this country, as expressing 
some of the best-established results of palaeontology. 
Thus :— 

Animals and plants bc,c;an their existence togetlier, 
not long after the commencement of the deposition of 
the sedimentary rocks; and then succeeded oue another, 
in such a manner, that totally distinct faunce and florae 
occupied the whole surface of the earth, one after the 
other, and during distinct epochs of time. 



A geological formation is the sum of aU the strata 
(deposited over the whole surface of the earth during 
one of these epochs : a geological fauna or flora is the 
sum of all the species of animals or plants which 
occupied the whole surface of the globe, during one 
of these epochs. 

The population of the earth's surface was at first 
very simUar in all parts, and only from the middle of 
the Tertiary epoch onwards, began to show a distinct 
distribution in zones. 

The constitution of the original population, as well 
as the numerical proportions of its members, indicates 
a warmer and, on the wliole, somewhat tropical climatej 
which remained tolerably equable throughout the year. 
The subsequent distribution of living beings in zones 
is the result of a gradual lowering of the general 
temperature, which first began to be felt at the 
poles. 

It is not DOW proposed to inquire whether these 
doctrines are true or false ; but to direct your atten- 
tion to a much simpler though very essential preliminary 
question — What is their logical basis? what are the 
ftindamental assumptions upon which they all logically 
depend ? and what is the evidence on which those 
fundamental propositions demand our assent ? 

These assumptions are two : the first, that the com- 
mencement of the geological record is coeval with the 
commencement of life on the globe ; the second, that 
geological contemporaneity is the same thing as chrono- 
logical synchrony Without the first of these assump- 
tions there would of course be no ground for any 
statement respecting the commencement of life ; with- 
out the second, all the other statements cited, every 
poue of which implies a knowledge of tbe state of 
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different parts of tlie earth at oiie and the same time, 
will be no less devoid of demonstration. 

The first assumption obviously resta entirely on 
negative evidence. This is, of course, the ouly evidence 
that ever can be available to prove the commencement 
of any series of pliienoraena; but, at the same time, 
it must be recollected that the value of negative 
evidence depends entirely oq the amount of positive 
corroboration it receives. If A. B, wishes to prove an 
alibi, it is of no use for him to get a thousand witnesses 
simply to swear that they did not see him in such 
and such a place, unless the witnesses are prepared 
to prove that they must have seen him had he been 
there. But the evidence that animal life commenced 
with the Lingula-flags, e.g., would seem to be exactly 
of this unsatisfactory uncorroborated sort. The Cam- 
brian witnesses simply swear they "haven't seen any- 
body their way ; " upon which the counsel for the 
other side immediately puts in ten or twelve thousand 
feet of Devonian sandstones to make oath they never 
saw a fish or a mollusk, though all the world knows. 
there were plenty in their time. 

But then it is urged that, though the Devonian 
rocks in one part of the world exhibit no fossils, in 
another they do, while the lower Cambrian rocks no- 
where exhibit fossils, and hence no living being could 
have existed in their epoch. 

To this there are two replies : the first, that the 
observational basis of the assertion that the lowest 
rocks arc nowhere fossiliferous is an amazingly small 
one, seeing how very small an area, in comparison to 
that of the whole world, has yet been fully searched ; 
the second, that the argument is good for nothing unless 
the unfossilifcrous rocks in question were not only 
contemporaneoiis in the geological sense, but synchronoita 
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in tte chronological sense. To use the alibi illusti-ation 
agaia. If a man w^hes to prove he was in neither 
of two places, A and B, on a given day, his witnesses 
for each place must be prepared to answer for the 
whole day. It they can only prove that he was not 
at A in the morning, and not at B in the afternoon, 
the evidence of his absence from both ia nil, because 
he might have been at B in the morning and at A in 
the afternoon. 

Thus everything depends upon the validity of the 
second assumption. And we must proceed to inquire 
what is the real meaning of the word " contemporaneous" 
as employed by geologists. To this end a concrete 
example may be taken. 

The Lias of England and the Lias of Gennany, the 
Cretaceous rocks of Britain and the Cretaceous rocks 
of Southern India, are tei-med by geologists " contem- 
poraneous" formations; but whenever any thoughtful 
geologist is asked whether he means to say that they 
were deposited synchronously, he says, "No, — only 
within the same great epoch." And if, in pursuing 
the inquiry, he ia asked what may be the approximate 
value in time of a " great epoch " — whether it means 
a hundred years, or a thousand, or a million, or ten 
million years — his reply is, " I cannot tell," 

If the further question be put, whether physical 
geology is in possession of any method by which the 
actual synehrony (or the reverse) of any two distant 
deposits can be ascertained, no such method can be 
heard of ; it being admitted by all the best authorities 
that neither similarity of mineral composition.nor of 
phyaieal character, nor even direct continuity of stratum, 
are ahsolute proofs of the synchronism of even approxi- 
mated sedimentajy strata : while, for distant deposits, 
there seems to be no kind of physical evidence attain- 
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able of a nature competent to decide wtether such I 
deposits were fonned simultaneously, or whether they 
possess any given difference of antiquity. To return 
to an example already given. All competent authorities 
■wUl prohably assent to the proposition that physical 
geology does Dot enable us in any way to reply to 
this question — Were the British Cretaceous rocks depo- 
sited at tile same time as those of India, or are they a i 
million of years younger or a million of years older 1 i 

Is palaeontology able to succeed where physical] 
geology fails ? Standard writers on paJifiontology, as 
has been seen, assume that she can. They take it for 
granted, that deposits containing similar organic remains 
are synduronous — at any rate in a broad sense ; and 
yet, those who will study the eleventh and twelfth 
chapters of Sir Henry De la Beche's remarkable "Ee- 
Hearchcs in Theoretical Gioology," puhhshed now nearly 
thirty years ago, and will carry out the arguments 
there most lumiuousl}' stated, to their logical conse- 
qenccs, may very easily convince theuiselvcs that 
even absolute identity of organic contents is no proof 
of the synchrony of deposits, while absolute diversity 
is no proof of diS'erence of date. Sir Hemy De k 
Boche goes even further, and adduces conclusive evidence 
to show that the diilerent parts of one and the same 
stratum, having a similar composition throughout, con- 
taining the same organic remains, and having similar 
beds above and below it, may yet differ to any con- 
ceivable extent in age. 

Edward Forbes was in the habit of asserting that 
the similarity of the organic contents of distant forma- 
tions was primd facie evidence, not of their similarity, 
but of their difference of age ; and holding as he did 
the doctrine of single specific centres, the conclusion 
was as legitimate as any other; for the two districta 
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must have been occupied by migration from one of die 
two, or from an intermediate spot, and the chances 
against exact coincidence of migration and of imbedding 
are infinite. 

In point of fact, however, whether the hypothesis 
of single or of multiple specific centres be adopted, 
similai'ity of organic contents cannot possibly aSbrd 
any proof of the synchrony of the deposits wliieh 
contain them ; on the contrary, it is demonstrably 
compatible with the lapse of the most prodigious 
intervals of time, and with interposition of vast changes 
in the organic and inorganic worlds, between the epochs 
in which such deposits were formed, 

On what amount of similarity of their faunae is the 
doctrine of the contemporaneity of the European and 
of the North American Silurians based ? In the last 
edition of Sir Charles LyeU's "Elementary Geology" 
it is stated, on the authority of a former President of 
this Society, the late Daniel Sharpe, that between 
30 and 40 per cent, of the species of Silurian MoUusca 
are common to both sides of the Atlantic. By way 
of due allowance for further discovery, let us double 
the lesser number and suppose that 60 per cent, of 
the species are common to the North American and 
the British Silurians. Sixty per cent, of species in 
common is, then, proof of contemporaneity. 

Now suppose that, a million or two of years hence, 
when Britian has made another dip beneath the sea 
■and has come np again, some geologist applies this 
■doctrine, in comparmg the strata laid bare by the 
upheaval of the bottom, say, of 8t, George's Channel 
■with what may then remain of the Suffolk Crag. 
L Keasoning in the same way, he will at once decide 
fc^ the Suflblk Crag and the St. George's Channel beds 
Bto be contemporaneous ; although we happen to know 
■ P2 
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tliat a vast period (oven in the geological sense) of 
time, and physical changes of almost unprecedented 
extent, separate the two. 

But if it be a demonstrable fact that strata coiv- 
taining more than 60 or 70 per cent, of species of 
Mollusca in common, and comparatively dose together, 
may yet be separated by an amount of geological time 
siifHcient to allow of some of the greatest physical 
changes the world has seen, what becomes of that 
sort of contemporaneity the sole evidence of which 
is a similarity of facies, or the identity of half a dozen 
species, or of a good many genera t 

And yet there is no better evidence for the contem- 
poraneity assumed by all who adopt the hypotheses 
of universal faunse and floras, of a universally uniform 
climate, and of a sensible cooling of the globe during 
geological time. 

There seems, then, no escape from the admission that 
neither physical geology, nor palEeontology, possesses 
any method by which the absolute synchronism of two 
strata can be demonstrated. All that geology can 
prove is local order of succession. It is mathematically 
certain that, in any given vertical linear section of an 
undisturbed series of sedimentary deposits, the bed 
which lies lowest is the oldest. In any other vertical 
linear section of the same series, of course, corresponding 
beds will occur in a similar order ; but, however great 
may be the probability, no man can say with absolute 
certainty that the beds in the two sections were syn- 
chronously deposited. For areas of moderate extent, 
it is doubtless true that no practical evil is likely to 
result from assuming the corresponding beds to be 
synchronous or strictly contemporaneous; and there 
are multitudes of accessory circumstances which may ( 
fully justify the assumption of such synchrony. But 



I the moment the geologist has to tloul with large areas, 
or -with completely separated (le|Josit8, the mischief 
of confounding that " homotaxis " or '■ similarity of 
arrangement," which can be demonstratecl, with " syn- 
chrony" or "identity of date," for which there is not 
a shadow of praof, under the one common term of 
■' contemporaneity " becomes incalculable, and proves 
the constant source of gratuitous speculations. 

For anything that geology or paljEontology are able 
to show to the eontraiy, a Devonian fauna and flora 
in the British Islands may have been contemporaneous 
with Silurian life in North America, and with a Car- 
boniferous fauna and flora in Africa. Geographical pro- 
vinces and zones may have been as distinctly marked in 
the Palaeozoic epoch as at present, and those seemingly 
sudden appearances of new genera and species, which we 
ascribe to new creation, may be simple results of migration. 
It may be so ; it may be otherwise. In the present 
condition of our knowledge and of our methods, one 
verdict — " not proven, sind not proveable" — must be 
recorded against all the grand hypotheses of the pateon- 
tologi.st respecting the general .succession of life on the 
globe. The order and nature of terrestrial life, as a 
whole, are open questions. Geology at present provides 
OB with most valuable topographical records, but she 
haB not the means of working them into a universal 
I iistory. Is such a universal history, then, to be regarded 
as \mattainable ? Are all the grandest and most in- 
I teresting problems which offer themselves to the 
I geological student essentially insoluble ? Is he in the 
position of a scientific Tantalus — doomed always to 
Lthirst for a knowledge which he cannot obtain ? The 
""Werse is to be hoped ; nay, it may not be impossible 
D indicate the source whence help will come. 
In commencing these remarks, mention waa made of 



the great obligations under which the naturalist lies to 
the geologist and palfeoctologist. Assuredly the time; 
will come when these obligations will be repaid tenfold,! 
and when the maze of the world's past history, througil 
which the pure geologist and the pure palfeontoloffiBt 
find no guidance, wiU be securely threaded by the dae 
furnished by the naturalist 

All who are competent to express an opinion on the 
subject are, at present, agreed that the manifold varieties 
of animal and vegetable form have not either come into 
existence by chance, nor result from capricious exertioua 
of creative power ; but that they have taken place in a 
definite order, the statement of which order is what 
men of science term a natural la\f. Whether such a 
law ia to be regarded as an expression of the mode of 
operation of natural forces, or whether it is simply a 
sfatement of the manner in which a supernatural power 
has thought fit to act, is a secondary question, so long 
as the existence of the law and the possibility of ite 
discovery by the human intellect are granted. But he 
must be a half-hearted philosopher who, believing in 
that possibility, and having watched the gigantic strides 
of the biological sciences during the last twenty yeaw, 
doubts that science will sooner or later make this furthel 
step, eo as to become possessed of the law of evolution 
of organic forms — of the unvarying order of that great 
chain of causes and effects of which all organic forma, 
ancient and modern, are the links. And then, if ever, 
we shall be able to begin to discuss, with profit, the 
questions respectiog the commencement of life, and the 
nature of the successive populations of the globe, which. 
So many seem to think are already answered. 

The preceding arguments make no particular claim to- 
novelty ; indeed tlicy have been floating more or lea& 
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distinctly before the minds of geologists for the last 
thirty years ; and if, at the present time, it has seemed 
desirable to give them more definite and systematic 
espression, it is because palaDontology is eveiy day 
assuming a greater importance, and now requires to 
rest on a basis the firmness of which is thoroughly well 
assured. Among its fundamental conceptions, there 
must be no confusion between what is certain and 
what is more or less probable.^ But^ pending the 
construction of a surer foundation than paleontology 
now possesses, it may be instructive, assuming for the 
nonce the general con'cctness of the ordinary hypothesis 
of geological contemporaneity, to consider whether the 
deductions which are ordinarily drawn from the whole 
body of palrsontological facts are justifiable. 

The evidence on which such conclusions are based is 
of two kinds, negative and positive. The value of 
negative evidence, in connexion with this inquiry, has 
been so fully and clearly discussed in an address from 
the chair of this Society,^ which none of us have 
forgotten, that nothing need at present be said about 
it ; the more, as the considerations which have been 
laid before you have certainly not tended to increase 
your estimation of such evidence. It will be preferable 
,to turn to the positive facts of palteontology, and to 
inquire what they tell us. 

"We are all accustomed to spcat of the number and 
the extent of the changes in the livicg population of 
the globe during geological time as Fomelhing enormous : 
and indeed they are so, if we regard only the negative 
differences which separate the older rocks from the 
more modem, and if we Ic k upon specific and generic 

* "Le plTiB grand aemce qu'on pnisse rendre k 1» science est d'y &ire place 
nette avant d'y rien construire." — Cuvier, 

' Anniversary Address for ISjI, Quart. Joum, GeoL Soc. ToL rii. 
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changes as great changes, which from one point of view 
they truly are. But leaving the negative differences 
out of consideration, and looking only at the positive 
data furnished by the fossil world from a broader point 
of \'iew — from that of the comparative anatomist who 
has made the study of the greater modifications of 
animal form his chief business — a surprise of another 
kind dawns upon the mind ; and under this aspect the. 
smallneas of the total change becomes as astonishing aa' 
was its greatness under the other. 

There are two hmidred known orders of plants ; of 
these not one is certainly known to exist exclusively 
in the fossil state, The whole lapse of geological time 
has as yet yielded not a single new ordinal type of 
vegetable structure.^ 

The positive change in passing from the recent to the 
ancient animal world is greater, but still singularly 
small. No fossil animal is so distinct from those now 
living as to require to be arranged even in a separate 
class from those which contain existing forms. It is 
only when we come to the orders, which may be 
roughly estimated at about a hundred and thirty, that 
we meet with fossil animals so distinct from those now 
living as to require orders for themselves ; and these do 
not amount, on the most liberal estimate, to more than, 
about 10 per cent of the whole. 

There is no certaiidy known extinct order of Protozoa; 
there is but one among the Ccelenterata — that of the 
rugose corals ; there is none among the MoUusea ; there 
are three, the Cystidea, Blastoidea, and Edrioasterida, 
among the Echinoderms ; and two, the TrUobita and 
Eurypterida, among the Crustacea ; making altogether 
five for the great sub-kingdom of Annuloaa. Among 

' Sea Hooker's " Introductory Essay to the Flora of .Tasmanin,* 
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Vertebrates there is no ordinally distinct fossil fish : 
there is only one extinct order of Amphibia — the Laby- 
rinthodonta ; but there are at least four distinct orders 
of Reptilia, viz. the lehthyosauria, Plesiosauria, Ptero- 
sauria, Dinosauria, and perhaps another or two. There 
is no known extinct order of Birds, and no certainly 
known extinct order of JIammals, the ordinal distinct- 
ness of the " Toxodontia " being doubtful. 

The objection that broad statements of this kind, after 
all, rest largely on negative evidence is obvious, but it 
has less force than may at first be supposed ; for, as 
might be expected from the circumstances of the case, 
we possess more abundant positive evidence regarding 
Fishes and marine llollusks than respecting any other 
forms of animal life ; and yet these ofi'er us, through the 
whole range of geologic^ time, no species ordinarily 
distinct from those now living ; whUe the far less 
numerous class of Echinoderms presents three, and the 
Crustacea two, such ordera, though none of these come 
down later than the Palseozoic aga Lastly, the Eeptilia 
present the extraordinaiy and exceptional phtenomenon 
of as many extinct as existing orders, if not more ; the 
four mentioned maintaining their existence from the 
Lias to the Chalk inclusive. 

Some years ago one of your Secretaries pointed out 
another kind of positive palgeontological evidence tend- 
ing towards the same conclusion — afibrded by the 
existence of what he termed "persistent tj'pes" of vege- 
table and of animal life.^ He stated, on the authority 
of Dr. Hooker, that there are Carboniferous plants which 
appear to be generieally identical with some now living ; 
that the cone of the Oolitic Araucaria is hardly distin- 

1 See lie abstract of a Lertnre " On the Pereialcnt Types of Animal Jjife, 
ia the " Notices of the Meetings of tho Kojal Inatitiition of Great Britalo," 
—June 3, 1659, vol. ill p. 151, 
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guinhable from tbat of an existing species ; that a trua 
Fimts appears in the Purbecks, and a Juglans in the 
Chalk; while, from the Bagshot Sands, a Banksia, the 
wood of ■which ia not distinguishable from that of species 
DOW living in Australia, had been ojtained, 

Turning to the animal kingdom, he affirmed the tabu- 
late corals of the Silurian rocks to be wonderfully like 
those which now exist ; while even the families of thr 
Aporosa were all represented in the older Mcsozoii 
rocks. 

Among the llollusca Bimikr facts were adduced. 
Let it be borne in mind that Avicula, Mytaih, Chiton, 
Natica, Patella, Trochus, Discina, Orbicula, Lingukb, 
Rhynckonella, and Ncmtilus, all of which are existing 
genera, are given without a doubt as Silurian in the 
last edition of "Sduria;" while the highest forms of 
the highest Cephalopods are represented in the Lias by 
a genus, Belcmnoteuthis, which presents the closest rela- 
tion to the existing Loligo. 

The two highest groups of the Annulosaa the Ineacta 
and the Arachnida, are represented in the Coal, eithCT 
by existing genera, or by forms differing fi-om existing, 
genera in qnite minor peculiarities. 

Turning to the Vcrtebrata, the only pala3ozoic Elas- 
mobraach Fish of which we have any complete know-' 
ledge is the Devonian and Carboniferous Fleuracanthua^ 
which differs no more from cxistiug Sharks than these 
do from one another. 

Again, vast as is the number of undoubtedly Ganoid 
fossil Fishes, and great as is their range ia time, a large 
mass of evidence has recently been adduced to show that 
almost all those respecting which we possess sufficient 
information, are referable to the same sub-ordinal groups 
as the existing Lepidosteus, PolypUrus, and Sturgeon ; 
and that a singuiar relation obtains between the older 



and the younger Fishes ; the former, the Devonian 
Ganoids, being almost all members of the same sub-order 
as Polyptei'us, while the Mesozoic Ganoids are almost 
^ similarl}' allied to Lepidosteus? 

Again, what can be more remarkable than the singular 
constancy of structure preserved throughout a vast period 
of time by the family of the Pycnodonts and by that 
of the true Ccelacanths : the former persisting, with but 
insignificant modifications, from the Carhoniferous to the 
Tertiary rocks, inclusive ; the latter existing, with still 
less change, from the Carboniferous rocka to the Chalk, 
inclusive ? 

Among Reptiles, the highest living group, that of the 
Crocodilia, is represented, at the early part of the Mesozoic 
epoch, by species identical in the essential characters of 
their organization with those now living, and difiering 
from the latter only in such matters as the form of the 
articular facets of the vertebral centra, in the extent 
to which the nasal passages are separated from the 
cavity of the mouth by bone, and in the proportions 
of the limbs. 

And even as regards the Jlammalia, the scanty 
remains of Triassic and Oolitic species alford no founda- 
tion for the supposition that the organization of the 
oldest forms difi'ered nearly so much from some of those 
which now live as these differ from one another. 

It is needless to multiply these instances ; enough has 
been said to justify the statement that, in view of the 
immense diversity of known animal and vegetuhle foi-ms, 
and the enormous lapse of time indicated by the accumu- 
lation of fossiliferous strata, the only circumstance to be 
wondered at is, not that the changes of life, as exhibited 

' "Memoirs of the Geo'ogioi! Survey of the United K in fidom.— Decade x, 
PreliminBij K'^sny upon the Systematic .Arrangenient of tiie Fidbes of the 
Bevonion Epoch." 
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by positive evidence, have becu so gi'eat, but that they 
have been so small. 

Be they great or small, however, it is desirable to 
attempt to estimate them. Let us, therefore, take each 
great division of the animal world in succession, and, 
whenever an order or a family can be shown to have 
had a prolonged existence, let us endeavour to ascertain 
how far the later members of the group differ from the 
earlier ones. If these later members, in all or in many 
cases, exhibit a certain amount of modification, the fact 
is, so far, evidence in favour of a general law of change ; 
and, in a rough way, the rapidity of that change will be 
measured by the demonstrable amount of modification. 
On the other hand, it must be recollected that the' 
absence of any modification, while it may leave the' 
doctrine of the existence of a law of change without' 
positive support, cannot possibly disprove all forma of 
that doctrine, though it may affoid a sufficient refuta- 
tion of many of them. 

The Peotozoa. — The Protozoa are represented through- 
out the whole range of geological series, from the Lower 
Silurian formation to the present day. The most 
ancient forms recently made known by Ehreuberg are 
exceedingly like those which now exist; no one has ever 
pretended that the difference between any ancient and 
any modem Foraminifera is of more than generic value' 
nor are the oldest Foraminifera either simpler, more 
embryonic, or less differentiated, than the existing forma. ■ 

The CcELENTEEATA. — The Tabulate Corals have existed 
firom the Silurian epoch to the present day, but I am not 
aware that the ancient Heliolites possesses a single mark 
of a more embryonic or less differentiated character, or 
less high organization, than the existing ffeliopora. As 
for the Aporose Corals, in what respect is the Silurian 
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PalfEocychis less hi.elily organized or more embryonic 
than the modern Fuiigia, or the Liassic Aporoaa than 
the existing members of the same families 1 

The Molltisca. — In what sense is the living Wald- 
keimia less embryonic, or more specialized, than the 
palgeozoic Spirifer ; or the existing RhynchonellcB, Cra~ 
nice, DiscincB, Lingular, than the Silurian species of the 
same genera 1 In what sense can Loligo or Spirula 
be said to be more specialized, or less embryonic, than 
Belemnites ; or the modem species of LameUibranch and 
Gasteropod genera, thau the Silurian species of the same 
genera 1 

The Annclos.^ — ^The Carbonifetons Inaecta and Araeh- 
nida are neither less specialized, nor more embryonic, 
than those th:it now live, nor are the Liassic Cirripedia 
and Macrura ; while several of the Braehyura, which 
appear in the Chalk, belong to existing genera ; and 
noDe exhibit eithw an intermediate, or an embryonic, 
character, 

The Vertebrata. — Among fishes I have referred to 
the Coelacanthini (eompriaing the genera C^lacanthus, 
Holophagiia, Undina, and Macropoma) as affording an 
exami>Ie of a persistent type; and it is most remarkable 
to note the smallneas of the difterences between any of 
these fishes (affecting at most the proportions of the 
body and fina, and the character and sculpture of the 
scales), notwithstanding their enormous range in time 
In all the essentials of its very peculiar structure, the 
Macropoma of the Chalk is identical with the Ccelacan- 
(AtM of the CoaL Look at the genus Lepidotus, again, 
persisting without a modification of importance from the 
Liassic to the Eocene formations inclusive. 

Or among the Teleostei — in what respect is the Beryx 
of the Chalk more embryonic, or less differentiated, than 
Beryx li-neatus of King George's Sound] - 
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Or to turn to the higher Vertebrata — in what sense 
are the Liassic Chelouia inferior to those which now 
exist ? How are the Cretaceous Ichthyosauria, Plesio- 
sauria, or Pterosauria less embryonic, or more differ- 
entiated, species than those of the Lias ? 

Or lastly, in what circumstance is the Phascolotheriwn 
more embryonic, or of a more generalized type, than the 
modern Opossum ; or a Lophiodon, or a PalcBothsrium, 
than a modem Tapirus or Hyrax ? 

These examples might be almost indefinitely multi- 
plied, but surely they are sufficient to prove that the- 
only safe and unquestionable testimony we can procure, 
— positive evidence — fails to demons^te any sort of' 
progressive modification towards a less embryonic, or les»i 
generalized, type in a great many groups of animals ofi 
long-continued geological existence. In these groupsj 
there is abxmdant evidence of variation — none of what' 
ia ordinarily understood as progression ; and, if the 
known geological record is to be ref^arJed as even anjT 
considerable fragment of the whole, it is inconceivabla 
that any theory of a necessarily progressive development 
can stand, for the numerous orders and families cited' 
afford no trace of such a process. 

But it is a most remarkable fact, that, while the 
groups which have been mentioned, and many besides,, 
exhibit no sign of progressive modi^cation, there are. 
others, co-existing with them, under the same conditions, 
in which more or less distinct indications of such 
process seem to be traceable. Among such indicationa 
I may remind you of the predominance of Holostomei 
Gasteropoda in the older rocks as compared with that of 
Siphonostome Gasteropoda in the later. A case less opea 
to the objection of negative evidence, however, is that 
afforded by the Tetrabranchiate Cephalopoda, the forma 
of the ehella and of the Beptal sutures exhibiting 



^.] |)ersi5fcnt trips of fife. 223 

certain increase of complexity in the newer genera. 
Here, however, one is met at once with the occurence 
of Ortkuceras and BacuUtes at the two ends of the 
series, and of the fact that one of tlie simplest genera, 
Nautilus, is that which now exists. 

The Crinoidea, in the abundance of stalked forma in 
the ancient fonnationa as compared with their present 
rarity, seem to present us with a fair case of modification 
fi'oni a more embryonic towards a less embrj-onic con- 
dition. But then, on careful consideration of the facts, 
the objection arises that the stalk, calyx, and arms of 
the palaeozoic Criooid are exceedingly different from the 
correspondiiig organs of a larval Comatula ; and it might 
with perfect justice be argued th:it Acttnod-inus and 
Eucalypiocrinus, for example, depart to the full as 
■widely, in one direction, from the stalked embryo of 
Comatula, as Comatula itself does in the other. 

The Echinidea, again, are frequeutly quoted as ex- 
hibiting a gradual passage from a more generahzed to a 
more specialized type, seeing that the elongated, or oval, 
Spatangoida appear after the spheroidal EcEinoids. But 
here it might be argued, on the other hand, that the 
spheroidal Ecbinoids, in reality, depart further from the 
general plan and from the embryonic form than the 
dongated Spatangoids do ; and that the peculiar dental 
apparatus and the pedicellarire of the former are marks 
OT at least as great differentiation as the petaloid ambu- 
lacra and semitEB of the latter. 

Once more, the prevalence of Macrurous before Bra- 
ehyurous Podophthalmia is, apparently, a fair piece of 
evidence in favour of progressive modification in the 
same order of Cnistae(.'a ; and yet the case will not 
stand much sifting, seeing that the Macrurous Podoph- 
''lalmia depart as far in one direction from the common 
)e of Podophthalmia, or from any embryonic condition 
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of the Brachyura, aa the Brachyura do in the other; 
and that the middle terms between Macrara and 
Brachyura — the Anomura — are little better represented 
in the older Mesozoic rocks than the Brachyura are. 

None of the cases of progressive modification whicli 
are cited from among the Invertebrata appear to me to 
have a foundation less open to criticism than these ; and 
if this be so, no careful reasoner would, I think, be in- 
clined to lay very great stress upon them. Among thff 
Vertebrata, however, there are a few examples which 
appear to be far less open to objection. 

It ia, in fact, true of several groups of Vertebrata' 
■which have lived through a considerable range of time, 
that the endoakeleton (more particularly the spinal 
column) of the older genera presents a less ossified, and,' 
so far, less differentiated, condition than that of thft 
yoimger genera. Thus the Devonian Ganoids, though 
almost all members of the same sub-order as Polypterus,; 
and presenting numerous important resemblances to th^ 
existing genus, which possesses biconcave vertebi'se, are, 
for the most part, wholly devoid of ossified vertebral 
centra. The Meeozoic Lepidosteidte, again, have, at most^ 
biconcave vertebrse, while the existing Lepidosteus haS 
Salamandroid, opisthoccelous, vertebree. So, none of th(^ 
Palseozoic Sharks have shown themselves to be possessed^ 
of ossified vertebra, while the majority of modern 
Sharks possess such vertebra. Again, the more ancient 
CrocodUia and Lacertilia have vertebrse with the artieula* 
facets of their centra flattened or biconcave, while 
the modem members of the same group have them! 
proccelous. But the most remarkable examples of 
progressive modification of the vertebral column, in cor- 
respondence with geological age, are those afforded by 
the Pycuodonts among fish, and the Labyiinthodona 
among Amphibia. 
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The late able ichthyologist Heekel pointed out the 
fact, that, while the Pycnodonts never possess true ver- 
tebral centra, they difi'er in the degree of expansion and 
extension of the ends of the bony arches of the vertebrie 
upon the sheath of the notochord ; the Carboniferous 
forma exhibiting hardly any such expansion, while the 
Mesozoic genera present a greater and greater develop- 
ment, until, in the Tertiary fonns, the expanded ends 
become suturally united so aa to form a sort of false ver- 
tebra Hermann von Meyer, again, to wbo?e luminous 
researches we are indebted for our present large know- 
ledge of the organization of the older Labyrinthodonts, 
has proved that the Carboniferous Archegosaurus had 
very imperfectly developed vertebral centra, while the 
Triassic Mastodonsaurus had the same parts completely 



The regularity and evenness of the dentition of the 
Anoplotherium, as contrasted with that of existing 
Aitiodactyles, and the assumed nearer approach of the 
dentition of certain ancient Carnivores to the typical 
arrangement, have also been cited as exemplifications of 
a law of progressive development, but I know of no 
other cases based on positive evidence which are worthy 
of particular notice. 

What then does an impartial survey of the positively 
ascertained truths of palteontology testify in relation to 
the common doctrines of progressive modification, which 
Buppose that modification to have taken place by a ne- 
cessary progress from more to less embrj'onic forms, or 
feom more to less generalized types, within the limits of 
flie period represented by the fossiliferous rocks ? 

It negatives those doctrines ; for it either sliows ua no 



life before me of the existence of a new L;ibyrint)iiidont (PhoUdogiuteT), 
bom the Edmburgh coal-fleld, wttb weU-ossified vertebral centra. 
Q 
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evidence of any such modification, or demonstrates it to 
liave been very slight ; and as to the nature of that 
modification, it yields no evidence whatsoever that the 
earlier members of any long-continaed group were more 
generalized in structure than the later ones. To a certaii 
extent, indeed, it may be said that imperfect ossificatiMi 
of the vertebral column is an embryonic character; 
but, on the other hand, it would he extremely incori 
rect to suppose that the vertebral columns of the oldd 
Vertebrata are in any sense embryonic in their wholf 
structure. 

Obviously, if the earliest fossiliferous rocks now known 
are coeval with the commencement of life, and if their 
rontcnts give us any just conception of the nature 
the extent of the earliest fauna and flora, the insig 
nificant amount of modification which can be demon 
strated to have taken place in any one group of animals 
or plants, is quite incompatible vdth the hypothesis tha 
all living forms are the results of a necessary process d 
progressive development, entirely comprised within thi 
time represented by the fossiliferous rocks. 

Contrariwise, any admissible hypthesis of progressive 
modification must be compatible with persistence with- 
out progression, through indefinite periods. And should 
such an hypothesis eventually be proved to be true, ia, 
the only way in which it can be demonstrated, viz. 
observation and experiment upon the existing forms 
life, the conclusion will inevitably present itself, that 
Palaeozoic, Mesozoic, and Cainozoic faunas and flo] 
taken together, bear somewhat the same proportion 
the whole series of living beings which have occupii 
this globe, as the existing fauna and flora do to them, 

Such arc the results of palaeontology as they appeal 
and have for some years appeared, to the miud of 
I inquirer who regards that study simply as one of 
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appUcations of the great biological sciences, and who 
desires to see it placed upon the same sound basis as 
other branches of physical inquiry. If the arguments 
which have been brought forward are valid, probably no 
one, in view of the present state of opinion, will be 
inclined to think the time wasted which has been spent 
upon their elaboration. 



GEOLOGICAL EEFOEIL 

"A great reform in geological Bpcoulation BBema now to have I 
uecassary." 

"It is quite certain tha.t a great mistake has been made, — that Briti| 
popular geologj at the present time is ia direct opposition to the prindpli 
uf Natural PMlosophy."' 

In reviewing the course of geological thouglit duri 
the past year, for the purpose of discovering thosa" 
matters to which I might most fitly direct your attention 
in the Address which it now becomes my duty to deliver 
from the Presidential Chair, the two somewhat alarming 
sentences which I have just read, and which occur in 
an able and interesting essay by an eminent natural 
philosopher, rose into such prominence before my mind 
that they eclipsed everything else. 

It surely is a matter of paramount importance for the 
British geologists (some of them very popular geologists 
too) here in solemn annual session assembled, to inquire 
whether the severe judgment thus passed upon them by 
80 high an authority as Sir WUIiam Thomson is one to 
which they must plead guilty sans phrase, or whether 
they are prepared to say " not guilty," and appeal for a 

1 On Geological Tune. By Sir W. Thomson, LL.D. Transactions of ths 
Geological Society of Glasgow, vol. iii. 
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reversal of the sentence to that higher court of educated 
scientific opinion to which we are all amenable. 

As your attorney-general for the time being, I thought 
I could not do better than get up the case with a view 
of advising you. It is true that the charges brought 
forward by the other side involve the consideration of 
matters quite foreign to the pursuits with which I am 
ordinarily occupied ; but, in that respeotj I am only in 
the position which is, nine times out of ten, occupied by 
counsel, who nevertlielcsa contrive to gain their causes, 
mainly by force of mother-wit and common sense, aided 
by some training in other intellectual exercises. 

Nerved by such precedents, I proceed to put my 
pleading before you. 

And the first question with which I propose to deal 
is, What is it to which Sir \V. Thomson refers when he 
speaks of " geological speculation " and " British popular 
geoloey " ? 

I find three, more or less contradictory, systems of 
geological thought, each of which might fairly enough 
daim these appellations, standing side by side in Britain. 
1 shall call one of them Catabtkophism, another Usi- 
FoEMiTARiANiSM, thc third EvoLOTiosisu ; and 1 shall 
try briefly to sketch the characters of each, that you may 
say whether the classification is, or is not, exhaustive. 

By Catasthophism, I mean any foita of geological 
speculation which, in order to account for the phsenomena 
of geology, supposes the opei'ation of forces different in 
their nature, or immeasurably different in power, from 
those which we at present see in action in the universe. 

The Mosaic cosmogony is, in this sense, catasti'Ophic, 
because it assumes the operation of extra-natural power. 
The doctrine of violent upheavals, dehdcles, and cata- 
clysms in general, is catasti'ophic, so far as it assumes 
that these were brought about by causes which have 
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now no parallel. There was a time when catastrophism 
might, pre-eminentlyj have claimed the title of " British' 
popular geology ; " and assuredly it has yet many ad- 
herents, and reckons among its supporters seme of thtf 
most honoui-ed members of this Societyj 

By Uniformitarianism, I mean especially, the teach- 
ing of Button and of Lyell. 

That great though incomplete work, " The Theory of 
the Earth, seems to me to be one of the most remarkable 
contributions to geology which is recorded in the annala 
of the science. So far as the not-living world is con- 
cerned, uniformitarianism lies there, not only in germ, 
but in blossom and fruit. 

If one asks how it is that Hutton was led to entertain 
views so far in advance of those prevalent in his time, in 
some respects ; while, in others, they seem almost curi- 
ously limited, the answer appears to me to be plain. 

Hutton was in advance of the geological speculatii 
of his time, because, in the first place, he had amassed 
vast store of knowledge of the facts of geology, gathered 
by personal observation in travels of considerable extent ; 
and because, in the second place, he was thoroughly 
trained in the physical and chemical science of his day, 
and thus possessed, as much as any one in his time 
could possess it, the knowledge which is requisite for 
the just interpretation of geological phaenomena, anr" 
the habit of thought which fits a man fox scientif 
inquiiy. 

It is to this thorough scientific training, that I ascribe 
Button's steady and persistent refusal to look to other 
causes than those now in operation, for the explanation 
of geological phfenomena. 

Thus he writes : — " I do not pretend, as he [M. do Lnc] 
does in his theory, to describe the beginning of things. 
I take things such as I find them at present; and 



from these I reason with regard to that which must 
have been." ^ 

And again: — "A theory of the earth, which has for 
object truth, can have no retrospect to that which had 
preceded the present order of the world ; for thia order 
alone is what we have to reason upon ; and to reason 
without data is nothing but delusion. A theory, there- 
fore, which is limited to the actual constitution of this 

th cannot be allowed to proceed one step beyond the 

isent order of things." ^ 

And so clear is he, that no causes beside such as are 
^Bow in operation are needed to account for the character 
and disposition of the components of the crust of the 
earth, that he says, broadly and boldly : — " . . . There 
is no part of the earth which has not had the same 
origin, so far as this consists in that earth being collected 
at the bottom of the sea, and afterwards produced, 
as land, along with masses of melted substances, by the 
operation of mineral causes."^ 

But other influences were at work upon Hutton beside 
those of a mind logical by Nature, and scientific by 
sound training ; and the peculiai' turn which his specu- 
lations took seems to me to be unintelligible, unless these 
' I taken into account. The arguments of the French 
itronomers and mathematicians, which, at the end of f 

16 last century, wei^e held to demonstrate the existence 
of a compensating arrangement among the celestial 
bodies, whereby all perturbations eventually reduced 
themselves to oscillations on each side of a mean po- 
sition, and the stability of the solar system was secured, | 
had evidently taken strong hold of Hutton's mind. 1 

In those oddly constructed periods which seem to have i 

prejudiced many persons against reading his works, but I 

" The Theory of the Errtb, vol. i, p. 173, cote. Ibid. p. 281. 

» Ibid. p. 371. 
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which are full of that peculiar, if unattractive, eloquence 
which flows from mastery of the subject, Hutton says : — • 

" We have DOW got to the end of our reasoning ; we 
have no data, further to conclude immediately from that 
which actually is. But we have got enough ; we have 
the satisfaction to find, that in Nature there is wisdom, 
system, and consistency. For having, in the natural 
history of this earth, seen a succession of worlds, w& 
jnay from this conclude that there is a system in Nature 
in like manner as, from seeing revolutions of the planet _ 
it is concluded, that there is a system by which they are 
intended to continue those revolutions. But if the suc- 
cession of worlds is established in the system of Nature, 
it is in vain to look for anything higher in the origin of 
the earth. The result, therefore, of this physical inquiry 
is, that we find no vestige of a beginning,- — no prospect 
of an end." ^ 

Yet another influence worked strongly upon Hutton. 
Like most philosophers of his age, he coquetted with 
those final causes which have been named barren virgina, 
but which might be more fitly termed the hetaircB of 
philosophy, so constantly have they led men astray. 
The final cause of the existence of the world is, for 
Hutton, the production of life and intelligence. 

" We have now considered the globe of this earth 
as a machine, consti'ucted upon chemical as well as 
mechanical piinciples, by which its different parts are all 
adapted, in form, in quality, and in quantity, to a certain 
end ; an end attained with certainty or success ; and an 
end from which we may perceive wisdom, in contraa- 
plating the means employed. 

" But is this world to be considered thus merely as a 
machine, to last no longer than its parts retain their 
present position, their proper forms and qualities J Or 

• Tbo Tlieorj of tte Enrth, vol. i. p. 200. 



may it not be also considered as an organized body ? 
such as baa a constitution in wbieh the necessary decay 
of the macbine is naturally repaii-ed, in the exertion of 
those productive powers by wbich it bad been formed. 

" This is the view in wbich we are now to examine 
the globe ; to see if there be, in the constitution of this 
world, a reproductive operation, by which a mined con- 
stitution may be again repaired, and a duration or 
stabUity thus procured to the macbine, considered aa a 
world sustaining plants and animals," ^ 

Kirwan, and the other Philistines of the day, accused 
Hutton of declaring that his theory implied that the 
world never had a beginning, and never diflered in 
condition from its present state. Nothing could be more 
grossly unjust, as he expressly guards himself against 
any such conclusion in the following terms: — 

" But in thus tracing back the natural operations 
which have succeeded each other, and mark to us the 
com"se of time past, we come to a period in which we 
cannot see any farther. This, however, is not the 
beginning of the operations which proceed in time and 
according to the wise economy of this world ; nor is it 
the establishing of that which, in the course of time, 
had no beginning; it is only the limit of our retrospec- 
tive view of those operations which have come to pass 
in time, and have been conducted by supreme intel- 
ligence." ^ 

I have spoken of Uniformitarianism as the doctrine of 
Hutton and of Lyell. If 1 have quoted the older writer 
rather thiin the newer, it is because his works are little 
known, and his claims on our veneration too frequently 
forgotten, not because I desire to dim the fame of his 
eminent successor. Few of the present generation of geo- 
logists have read Playfair's " Illustrations," fewer stiU the 
' The Theory of the Earth, voJ. i. pp. IB, 17. * ILid. p. 22^ 





original " Theory of the Earth ; " the more is the pity ; 
but which of us has not thumbed every page of tie 
" Principles of Geology " ? I think that he who writes 
fairly the history of his own progress in geological 
thought, will not be able to separate his debt to Hutton 
&om his obligations to I^yell ; and the history of the 
progress of individual geologists is the history of geology. 
No one can doubt that the influence of uniformitarian 
views has been enormous, and, in the main, most 
beneficial and favourable to the progress of sound 



Nor can it be questioned that Uniforraitarianism has 
even a stronger title than Catastrophism to call itself the 
geological speculation of Britain, or, if you will, British 
popukr geology. For it is eminently a lii-itish doctrine, 
and has even now made comparatively little progress 
on the continent of Europa Nevertheless it seems to 
me to be open to serious criticism upon one of its 
aspects. 

I have shown how unjust was the insinuation that 
Hutton denied a beginning to the world. But it would 
not be unjust to say that he persistently, in practice, 
shut his eyes to the existence of that prior and different 
state of things which, in theory, he admitted ; and,';in 
this aversion to look beyond the veil of stratified rocks, 
Lyell follows him. 

Hutton and Lyell alike agree in their indisposition 
to carry their speculations a step beyond the period 
recorded in the most ancient strata now open to obser- 
vation in the crust of the earth. This is, for Hutton, 
" the point in which we cannot see any farther ; " while 
Lyell teUs us, — 

■ The astronomer may find good reasons for ascribing 
the earth's form to the original fluidity of the mass, in 
times long anteeedenL to the first introduction of living 



beings into the planet ; but the geologist must be content 
to regard the earliest monuments which it is his task to 
interpret, as belonging to a period when the crust had 
already acquired great solidity and thickness, probably 
as great as it now possesses, and when Tolcanic rocks, 
not essentially differing from those no-v produced, were 
formed fi-om time to time, the intensity of volcanic heat 
being neither greater nor less than it is now." ^ 

And again, " As geologists, we learn that it is not only 
the present condition of the globe which has been suited 
to the accommodation of myriads of living creatures, but 
that many former states also have been adapted to the 
organization and habits of prior races of beings. The 
disposition of the seas, continents and islands, and the 
climates, have varied ; the species likewise have been 
changed; and yet they have all been so modelled, on 
types analogous to those of existing plants and animals, 
as to indicate, throughout, a perfect harmony of design 
and unity of purpose. To assume that the evidence of 
the beginning, or end, of so vast a scheme lies within 
the reach of our philosophical inquiries, or even of our 
speculations, appears to be inconsistent with a just 
estimate of the relations which subsist between the finite 
powers of man and the attributes of an infinite and 
eternal Being." ^ 

The limitations implied in these passages appear to 
me to constitute the weakness and the logical defect of 
uniformitarianism. No one will impute blame to Hutton 
that, in face of the imperfect condition, in his day, of 
those physical sciences which fui'nish the keys to the 
riddles of geology, he should have thought it practical 
wisdom to mnit his theory to an attempt to account for 
" the present order of things ; " but 1 am at a loss to com- 
prehend why, for all time, the geologist must be content 
' Principles of Geoloj,^, fol. ii. p. 211. ' Ibid. p. 613. 
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geology to be the history of the earth, in precisely the 
sanie sense as biology is the history of living beings ; 
and I trost yon will not think that I am overpowered by 
the influence of a dominant pursuit if I say that I trace^ 
a close analogy between these two histories. 

If I study a living being, under what heads does the 

' "Mandarf e« rich also oicbt b^fremden lassen. *enn ich mich unteretdlB 
zu sagcn, daB.3 eher die Bildung aller Himiuekkonwr, die Ursache ihier 
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einzigen Krautei oder ciaer Banpe bos mechaDi^eii Griijidec, deiitlicb und 
VoUntundig kund werden wird."— East's SdviiiUlicIie Wake, Ed, L p. 220. 
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knowledge I obtain fall ? I c;m learn its structure, or 
what we call its Anatomy ; and its Development, or 

the series of changes which it passes through to acquire 
its complete structure. Then I find that the hving 
being has certain powers resulting from its own acti- 
vities, and the interaction of these with the activities of 
other things — the knowledge of which is Physiology. 
Beyond this the living being has a position in spaco'aiid 
time, which is its Distribution, All these form the 
body of ascertainable facts which constitute the status 
qtio of the living creature. But these facta have their 
causes ; and the ascertainment of these causes is the 
doctrine of Etiology. 

K we consider what is knowable about the earth, we 
shall find that such earth-knowledge — if I may so trans- 
late the word geology — falls into the same categories. 

What is termed stratigraphical geology is neither more 
nor less than the anatomy of the earth ; and the history 
of the succession of the formations is the history of a 
snccession of such anatomies, or corresponds with deve- 
lopment, as distinct from generation. 

The internal heat of the earth, the elevation and 
depression of its crust, its belchings forth of vapours, 
ashes, and lava, are its activities, in as strict a sense, as are 
warmth and the movements and products of respiration 
the activities of an animal. The phEenomena of the 
seasons, of the trade winds, of the Gulf-stream, are as 
much the results of the reaction between these inner 
activities and outward forces, as are the budding of the 
leaves in spring and their falling in autumn the effects 
of the interaction between the organization of a plant 
and the solar light and heat. And, as the study of the 
activities of the living being is called its physiology, ao 
are these phaenomena the subject-matter of an analogous 
telluric physiology, to which we sometimes give the 
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name of meteorology, sometimes that of physical geo- 
graphy, sometimes that of geology. Again, the earth 
has a place in space and in time, and relations to other 
hodies in both these respects, which constitute its distri- 
bution. This subject is usually left to the astronomer; 
but a knowledge of its broad outlines seems to me to be 
an essential constituent of the stock of geological ideas. 

All that can be ascertained concerning the structure, 
succession of conditions, actions, and position in space of 
the earth, is the matter of fact of its natural history, 
Eat, as in biology, there remains the matter of reasoning 
from these facts to their causes, which is just as much 
science as the other, and indeed more ; and this consti- 
tutes geological etiology. 

Having regard to this general scheme of geological 
knowledge and thought, it is obvious that geological 
speculation may be, so to speak, anatomical and develop- 
mental speculation, so far as it relates to points of strati- 
graphical arrangement which are out of reach of direct 
observation ; or, it may be physiological speculation, so 
far as it relates to undetermined problems relative to the 
activities of the earth ; or, it may be distributional specu- 
lation, if it deak with modifications of the earth's place 
in space ; or, finally, it will be Eetiological speculation, if 
it attempts to deduce the history of the world, as a 
whole, from the known properties of the matter of the 
earth, in the conditions in which the earth has been placed. 
For the purposes of the present discourse I may take 
this last to be what is meant by " geological speculation." 
Now uniformitarianism, as we have seen, tends to 
ignore geological speculation in this sense altogether. 

The one point the catastrophists and the uniformi- 
tarians agreed upon, when this Society was founded, was 
to ignore it. And you will fijid, if you look back into 
our records, that our revered fathers in geology plumed 




themselves a good deal upon the practical sense and 
wisdom of this proceeding. As a temporary measure, ' 
do not presume to challenge its wisdom ; but 
organized bodies temporary changes are apt to produce 
permanent effects ; and as time has shpped by, altering 
aU the conditions which may have made such mortifica- 
tion of the scientific flesh desirable, I think the effect of 
the stream of cold water which has steadily flowed over 

feological speculation within these walla has been of 
oubtful beneficence. 

The sort of geological speculation to which I am now 
referring (geological aetiology, in short) was created, as 
a science, by that famous philosopher Tmnianucl Kant, 
when, in 1755, he wrote his " General Natural History 
and Theory of the Celestial Bodies ; or an Attempt to 
account for the Constitution and the Mechanical Origin 
of the Universe upon Newt^anian principles."^ 

In this very remarkable but seemingly little-known 
treatise,'^ Kant expounds a complete cosmogony, in the 
shape of a theory of the causes which have led to the deve- 
lopment of the universe from diffused atoms of matter 
endowed with simple attractive and repulsive forces. 

" Give me matter," says Kant, " and I will build the 
world;" and he proceeds to deduce from the simple 
data from which he starts, a doctrine in aU essential re- 
spects similar to the well-known " Nebular Hypothesis" 
of Laplace,^ He accounts for the relation of the masses 
and the densities of the planets to their distances from 
the sun, for tlie eccentricities of their orbits, for their 
rotations, for their satellites, for the general agreement 

' Grant {" History of Pbyaioal Astronomy," p. 574) makes but the briefest 
lefereDce to KiinL 

* " Allgemeine Natii:^escliic!ite und Theorio dcs Himmels ; oder Versnch 
TOO der Verfiigsung nnd deiii nicchnnischen Urspninge des gauzen Weltge- 
bSudes nncli Newton'achen Grimdsatzen abgehandelt." — Kant's Hammllicke 
Wtrke, Bd. i. p. 207. 
""*""' ' •- ' - -j^ chap. 6. 





in the direc^iim of nitstiaB anoi^ the celestial bodies, 
fat fatamV lii^ ■■d tot dv y^r**^* light. He finds 
in eadi ajaton of wo d A^ mdiBstians that the attractiTC 
Jane tif tlie eentnd mas wffl etcntitalfy destroy its oi^- 
«;■»*;.»> \fj^ aaouaAiatiog iqpon itadf the matter of the 
wUe system ; bnt, as &e nsait of this coDceutration, 
he aigiKB for tlie devdt^ment of an amonnt of heat 
vindk win disapste Ae mass onoe more into a molecular 
dnos such aa tbat in which it began. 

Kant pictates to hims^ the nniverse ns once an 
infinite exponsian of fonnlees and difiiised matter. At 
one point oJF this be supposes a single eenbe of attractiou 
aet up ; and, by strict dednctiois from admitted dynamical 
principles, shows how this mast result in the development 
of a prodigious central body, sairounded by systems of 
solar and planetary worlds in all stages of development 
In vivid language he depicts the great world- maelstrom, 
widening the margins of its prodigious eddy in the alow 
progress of millions of ages, gradually reclaiming more 
and more of the molecular waste, and converting chaos 
into cosmos. Bat what is gained at the margin is lost 
in the centre ; the attractions of the central systeim 
bring their constituents together, which then, by the heat 
evolved, are converted once more into molecular chaos. 
Thus the worlds that are, lie between the ruins of the 
worlds that have been and the chaotic materials of the 
worlds that shall be ; and in spite of aU waste and 
destruction. Cosmos is extending his borders at the 
expense of Chaos. 

Kant's further application of his ^.-iews to the earth 
itself is to be found in his " Treatise on Physical Geo- 
graphy"' (a term under which the then unknown science 
of geology was included), a subject which he had studied 
wiui very great care and on which he lectured for many 
' Kant's "Siinimtlidw Werke," Bd. \iii. p. U5. 
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years. The fourth soction of the first part of this 
IVeatiae is called " History of the great Changea which 
the Earth has formerly undergone and is still lindergoing," 
find is, in fact, a brief and pregnant essay npon the prin- 
ciples of geology. Kant gives an account first "of the 
gradual changes which are now taking place" under 
the heads of such as are caused by earthquakes, such 
as are brought about by rain and rivers, such aa are 
efiFected by the sea, such as are produced by winds 
and frost ; and, finally, such as result from the opera- 
tions of man. 

The second part is devoted to the " Memorials of the 
CJhanges which the Earth has undergone in remote an- 
tiquity." These are enumerated ar;:— A. Proofs that 
the sea formerly covered the whole earth. B. Proofs 
that the sea has often been changed into dry land and 
then again into sea. C. A discussion of the various 
theories of the earth put forward by Scheuchzer, Moro, 
Bonnet, Woodward, White, I^eibnitz, Lim)seua> and 
Bofibn. 

The third part contains an "Attempt to give a sound 
explanation of the ancient history of the earth." 

I suppose that it would be very easy to pick holes in 
the details of Kant's speculations, whether cosmological, 
or specially telluric, in their application. But, for all 
that, he seems to me to have been the first person to 
frame a complete system of geological speculation by 
Founding the doctrine of evolution. 

With as much truth as Button, Kant could say, "I 
lake things just as I find them at present, and, from 
Ibese, I reason with regard to that which must have 
been," Like Hutton, he is never tired of pointing 
out that " in Nature there is wisdom, system, and con- 
fiistency." And, as in these great principles, so in believ- 
ing that the cosmos has a reproductive operation "by 



^ag Srnirons, ^ssans, aria •Rtfaittus. [xlI 

which a ruined constitution may be repaired," he for- I 
stalls Hutton ; while, on the other hand, Kant is true to I 
science. He knows no bounds to geological speculation I 
but those of the intellect. He reasons back to a begin- I 
ning of the present state of things ; he admits the poasi- | 
bility of an end. I 

I have said that the three schools of geological spccu- J 
lation which I have termed Catastropiism, UniformiJ 
tarianism, and Evolutionism are commonly supposed tfl 
be antagonistic to one another ; and I presume it wifl 
have become obvious that, in my belief, the last iW 
destined to swallow up the other two. But it is propfiH 
to remark that each of the latter has kept alive the trafl 
dition of precious truths. ^ 

Catastrophism has insisted upon the existence of al 
practically unlimited bank of force, on which the theorisfej 
might draw ; and it has cherished the idea of the de^l 
velopmcnt of the earth from a state in which its formJ 
and the forces which it exerted, were very different froioJ 
those we now know. That such difference of form andl 
power once existed is a necessary part of the doctrine q^ 
evolution. H 

UKiFORMiTAitiASigM, on the other hand, has wl^| 
equal justice insisted upon a practically unlimited ban^l 
of time, ready to discount any quantily of hypotheticiM 
paper. It has kept before our eyes the power of ^^M 
infinitely little, time being granted, and has compelled u^| 
to exhaust known causes, before flying to the unknown. ■ 

To my mind there appears to be no sort of necessar^B 
theoretical antagonism between Catastrophism and TTnSB 
formitarianiam. On the contrary, it is very conceivablal 
that catastrophes may be part and parcel of uniformity^! 
Let me illustrate my case by analogy. The working o^M 
a clock is a model of uniform action ; good time-keepingH 
means uniformity cf action. But the striking of the» 
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clock is essentially a eatastroplie ; tlie hammer might be 
made to blow up a barrel of gunpowder, or turn on a 
deluge of water ; and, by proper arrangement, the clock, 
instead of marking the hours, might strike at all sorts of 
irregular periods, never twice alike, in the intervals, 
force, or number of its blows. Nevertheless, all these 
irregular, and apparently lawless, catastrophes would be 
the result of an absolutely uniformitarian action; and 
we might have two schools of clock-theorists, one 
■ studying the hammer and the other the pendulum. 

Still less is there any necessary antagonism between 
either of these doctrines and that of Evolution, which 
embraces all that is sound in both Catastrophism and 
Uniformitarianism, while it rejects the arbitrary assump- 
tions of the one and the, as arbitrary, limitations of the 
other. Nor is the value of the doctrine of Evolution to the 
philosophic thinker diminished by the fact that it applies 
the same method to the living and the not-living world ; 
and embraces, in one stupendous analogy, the growth 
of a solar system from molecular chaos, the shaping 
of the earth from the nebulous cubhood of its youth, 
through innumerable changes and immeasurable ages, 
to its present form ; and the development of a living 
heing from the shapeless mass of protoplasm we term a 
geruL 

I do not know whether Evolutionism can claim that 
amount of currency which would entitle it to be called 
British popular geology ; but, more or less vaguely, it is 
assuredly present in the minds of most geologists. 

Such being the three phases of geological speculation, 
we are now in position to inquire which of these it is 
that Sir William Thomson calls upon us to reform in 
the passages which I have cited. 

It is obviously Uniformitarianism which the dis- 

B 2 
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tinguiBhed physicist takes to be the representative oj 
geological speculation in general. And thus a first 
issue is raised, inasmuch as many persons (and those 
not the least thoughtful among the younger geologists) 
do not accept strict Uniformitarianism as the final form 
of geological speculation, We should say, if Hutton 
and Playfair declare the course of tlie world to have 
been always the same, point out the fallacy by all means ; 
but, in 80 doing, do not imagine that you are proving 
modern geology to be in opposition to natural phi- 
losophy. I do not suppose that, at the present day 
any geologist would be found to maintain absolnti^ 
Uniformitarianism, to deny that the rapidity of tha 
rotation of the earth may be diminishing, that the soil 
may be waxing dim, or that the earth itself vrwjy bft 
cooling. Most of us, I suspect, are Gallics, "who cata 
for none of these things," being of opinion that, tn» 
or fictitious, they have made no practical difference to, 
the earth, during the period of which a record is pre-' 
served in stratified deposits. 

The accusation that we have been running countCT tij 
the pr-inciples of natural pliilosophy, therefore, ia devr' 
of foundation. The only question which can arise 
whether we have, or have not, been tacitly makii 
assumptions which are in opposition to certain co 
elusions which may be drawn from those princijdi 
And this question subdivides itself into two : — ^the " 
are we really contravening such conelusions 1 the ae^ 
if wo are, are those conelusions so firmly based that 
may not contravene them ? I reply in the negative 
both these questions, and I will give you my rt 
for so doing. Sir William Thomson believes 
is able to prove, by physical reasonings, '" 
existing state of things on the earth, Hfc on 
— all geological history showing continuity of 
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must be limited within some such period of time as one 
hundred million years" (loe. eit. p. 25). 

The first inquiry which arises plainly is, has it ever 
been denied that this period Toay he enough for the 
purposes of geology t 

The discussion of this question is greatly embarrassed 
by the vagueness with which the assumed limit is, I 
will not say defined, but indicated, — "some such period 
of past time as one hundred million years." Now 
does this mean that it may have been two, or three, or 
four hundred million years 1 Because this really makes 
aU the diflerence.^ 

I presume that 100,000 feet may be taken as a full 
allowance for the total thickness of stratified rocks con- 
taining traces of life ; 100,000 divided by 100,000,000 
=0'001. Consequently, the deposit of 100,000 feet of 
stratified rock in 100,000,000 years means that the 
deposit has taken place at the rate of y^^n) ^f ^ foot, or, 
8^79 Tff of an inch, per annum. 

Well, I do not know that any one is prepared to main- 
tain that, even making all needful allowances, the 
stratified rocks may not have been formed, on the 
average, at the rate of ^V of an inch per annum. 
I suppose that if such could be shown to be the 
limit of Avorld-growth, we could put up with the 
allowance without feeling that our speculations had 
undergone any revolution. And perhaps, after all, the 
qualifying phrase " some such period " may not neces- 
sitate the assumption of more than tH or ^\is or ^^ of 
an inch of deposit per year, which, of course, would 
give us still more ease and comfort. 

But, it may be said, that it is biology, and not geology, 

' Sip William Thomson implies (loa cit. p. 16), that the precise time is of 
no oonsequence : '' the principle is the same ;" but, as the principle is 
admitted, the whole discussion turns on its practical results. 
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■^rhici asks for bo much time — that the succession o( 
life demands vast intervals ; but this appears to me to 
be reasoning in a circle. Biology takes her time irom- 
geology. The only reason we have for believing in the 
slow rate of the change in living forma is the fact that 
they persist through a series of deposits which, geology 
informs us, have taken a long while to make. If tiia 
geological clock is wrong, all the naturalist will have tc 
do is to modify his notions of the rapidity of chang( 
accordingly. And I venture to point out that, when we 
are told that the limitation of the period during which 
living beings have inhabited this planet to one, two, or 
three hundred million years requires a complete revolu' 
tion in geological speculation, the onus probandi rests 
on the maker of the assertion, who brings forward not 
a shadow of evidence in its support. 

Thus, if we accept the limitation of time placed before 
us by Sir W, Thomson, it is not obvious, on the face 
of the matter, that we shall have to alter, or reform,, 
our ways in any apprt'ciable degree ; and we may there' 
fore proceed with much calmness, and indeed much 
indifference, as to the result, to inquire whether that 
limitation is justified by the arguments employed in its 
support. 

These arguments are three in number : — 

I. The first is based upon the undoubted fact that the 
tides tend to retard the rate of the earth's rotation upon 
its axis. That this must be so is obvious, if one con- 
siders, roughly, that the tides result from the prdl which 
the sun and the moon exert upon the sea, causing it to 
act as a sort of break upon the rotating solid earth. 

Kant, who was by no means a mere " abstract philo- 
sopher," but a good mathematician and well versed ia 
the physical science of his time, not only proved this in. 
an essay of exquisite clearness and intelligibility, now, 
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more than a century old,* but deduced from it some of 
its more important consequences, such as the constant 
turning of one face of the moon towards the earth. 

But there is a long step from the demonstration of a 
tendency to the estimation of the practical value of that 
tendency, which is all with wmch we are at present 
concerned The facts bearing on this point appear to 
stand as follow : — 

It is a matter of observation that the moon's mean 
motion is (and has for the last 3,000 years been) under- 
going an acceleration, relatively to the rotation of the 
earth. Of course this may result from one of two 
causes : the moon may really have been moving more 
swiftly in its orbit; or the earth may have been rotating 
more slowly on its axia 

Laplace believed he had accounted for this phseno- 
menon by the fact that the eccentricity of the earth's 
orb it has been diminishing throughout these 3,000 years. 
This would produce a diminution of the mean attraction 
of the sun on the moon ; or, in other words, an increase 
in the attraction of the earth on the moon ; and, con- 
sequently, an increase in the rapidity of the orbital 
motion of the latter body. Laplace, therefore, laid the 
responsibility of the acceleration upon the moon, and 
if his views were correct, the tidal retardation must 
either be insignificant in amount, or be counteracted by 
some other agency. 

Our great astronomer, Adams, however, appears to 
have found a flaw in Laplace's calculation, and to have 
shown that only half the observed retardation could be 
accounted for in the way he had suggested. There 

' •'Untcrsiichung der Frrtji:o ob dio Erde in ihrcr Umdrchiing um die 
Achse, wodnich sie die Ab"w ccliselung des Ta^es und der Nacht hervorbringt, 
einige Vemndenmg seit den ersten Zeiten ihres Urspmnges erlitten babe, 
fcc"— Kant's ISdmTrUlidie Wtrke, Bd. i. p. 178. 



remains, therefore, the other half to be accounted for ; 
and hore, in the absence of all positive knowledge, three 
sets of hypotheses have been suggested. 

(a.) II. Delauna.y suggests that the earth is at fault, in 
consequence of the tidal retardation. Messrs. Adama, 
ITiomson, and Tait work out this suggestion, and, "on 
i certain assumption as to the proportion of retardations 
due to the sun and moon," find the earth may lose 
twenty-two seconds of time in a century from this cause.' 

(6.) But M. Dufour suggests that the retardation of the 
earth (which is hypothetically assumed to exist) may be 
Jue in part, or wholly, to the increase of the moment 
of inertia of the eaith by meteors falling upon its surfaca 
rhis suggestion also meets with the entii'e approval of 
Sir W. Thomson, who shows that meteor-dust, accumu- 
lating at the rate of one foot in 4,000 years, would 
account for the remaLader of retardation.^ 

(c.) Thirdly, Su- W. Thomson brings forward an. hypo- 
thesis of his own with respect to the causu of the hypo- 
thetical retardation of the earth's rotation :^ 

" Let us suppose ice to melt fi-om the polar regions 
(20° round each pole, we may say) to the extent of 
something more than a foot thick, enough to give I'l 
foot of water over those areas, or 0'006 of a foot of 
water if spread over the whole globe, which would, in 
reahty, raise the sea-level by only some such undiscover- 
able difference as three-fourths of an inch or an inch. 
This, or the reverse, which we believe might happen any 
year, and could certainly not be detected without far 
more accurate observations and calculations for the mean 
sea-level than any hitherto made, would slacken or 
Cjuicken the earth's rate as a timekeeper by one-tenth of 
a second per year." * 

I do not presume to throw the slightest doubt upon. 
> Eir W. Thomson, loc cit., p. I-l. ' Loc eit., p. i7. ' Ibid. 
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flie accuracy of any of the calculations made by such 
distinguished mathematicians as those who have made 
the suggestions I have cited. On the contrary, it is 
necessary to my argument to assume that they are all 
correct. But I desire to point out that this seems to be 
one of the many cases in which the admitted accuracy of 
mathematical process is allowed to throw a wholly 
inadmissible appearance of authority over the results 
obtained by them. Mathematics may be compared to a 
mill of exquisite workmanship, which grinds you stuff of 
any degree of fineness ; but, nevertheless, what you get 
oQt depends upon what you put in ; and as the grandest 
mill in the world will not estraet wheat-tlour from 
pt'ascoda, so pages of formula will not get a definite 
result out of loose data. 

In the present instance it appears to be admitted ■ — 

1. That it is not absolutely certain, after aU, whether 
the moon's mean motion is undergoing acceleration, or 
the earth's rotation retardation.^ And yet this is the 
key of the whole position. 

2. If the rapidity of the earth's rotation is diminishing, 
it is not certain how much of that retardation is due to 
tidal friction, — how much to meteors,— how much to 
possible excess of melting over accumulation of polar 
ice, during the period covered by observation, which 
amounts, at the outside, to not more than 2,600 j'eara. 

3. The efi'cct of a different distribution of land and 
Water in modifying the retardation caused by tidal 
friction, and of reducing it, under some cncumstances, 
to a minimum, docs not appear to be taken into 
acconnt. 

4. During the Miocene epoch the polar ice was cer- 
tainly many feet thinner than it has been during, or 

' It will be uDderstJiud f'at I do not nishto deny that the earth's rotation 
nay be undenjoing retardation. 
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since, the Glacial epoch. Sir W. Thomson tells via that 
the accumulation of something more than a foot of 
ice around the poles (which impliea the withdrawal 
say, an inch of water &om the general surface of the 
Bea) will cause the earth to rotate quicker by one-tenth 
of a second per annum. It would appear, therefore, 
that the earth may have been rotating, throughout the 
whole period which has elapsed from the commencement 
of the Glacial epoch down to the present time, one, or 
more, seconds per annum quicker than it rotated during 
the Miocene epoch. 

But, acordiug to Sir W. Thomson's calculation, tidal 
retardation will only account for a retardation of 22" in 
a century, or fotr (say ^) of a second per annum. 

Thus, assuming that the accumulation of polar ice 
since the Miocene epoch has only been sufficient to 
produce ten times the effect of a coat of ice one foot 
thick, we shall have an accelerating cause which covers 
all the loss from tidal action, and leaves a balance 
of i a second per annum in the way of acceleration. 

If tidal retardation can be thus checked and over*. 
thrown by other temporary conditions, what becomeS' 
of the confident assertion, based upon the assumed uni- 
formity of tidal retardation, that ten thousand million 
years ago the earth must have been rotating more than 
twice as fast aa at present, and, therefore, that we 
geologists are " in direct opposition to the principles 
of Natural Philosophy " if we spread geological histoiy 
over that time ? 

II. The second argument is thus stated by Sir W.^ 
Thomson : — "An article, by myself, published in 'Mao- 
millan's Magazine' for March 1862, on the ago of the 
sun's heat, explains resiilts of investigation into various- 
questions as to possibilities regarding the amount of heat 
that the sun could have, dealing with it as you would' 



XI.] 6«olffj9[icaI ^ferrn. 251 

with a stone, or a piece of matter, only taJdng into 
accoimt the sun's dimensions, which showed it to be 
possible that the sun may have abeady illuminated the 
earth for as many as one hundred million years, but at 
the same time rendered it almost certain that he had not 
illuminated the earth for five hundred millions of years. 
The estimates here are necessarily very vague ; but yet, 
vague as they are, I do not know that it is possible, upon 
any reasonable estimate foimded on known properties 
of matter, to say that we can believe the sun has really 
illuminated the earth for five himdred million years."^ 

I do not wish to " Hansardize " Sir William Thomson 
by laying much stress on the fact that, only fifteen years 
ago, he entertained a totally different view of the origin 
of the sun's heat, and believed that the energy radiated 
from year to year was supplied from year to year — 
a doctrine which would have suited Hutton perfectly. 
But the fact that so eminent a physical philosopher has, 
thus recently, held views opposite to those which he now 
entertains, and that he coiSesses his own estimates to 
be ''very vague," justly entitles us to disregard those 
estimates, if any distinct facts on our side go against 
them. However, I am not aware that such facts exist. 
As I have already said, for anything I know, one, two, 
or three himdrea millions of years may serve the needs 
of geologists perfectly welL 

III. The third line of argument is based upon the 
temperature of the interior of the earth. Sir W. 
Thomson refers to certain investigations which prove 
that the present thermal condition of the interior of 
the earth implies either a heating of the earth within the 
last 20,000 years of as much as 100° F., or a greater 
heating all over the surface at some time further back 
than 20,000 years, and then proceeds thus : — 

* Loc. cit., p. 20. 
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" Now, are geolo^sts propartd to admit that, at some 
time within the last 20,000 years, there has been all 
over the earth so high a temperatuxe as thtit ? I pre- 
sume not ; no geologist-^no modern geologist^ — would 
tor a moment admit the hypothesis that the present 
state of underground heat is due to a heating of the 
surface at so late a period as 20,000 years ago. If that 
is not admitted, we are driven to a greater heat at some 
time more than 20,000 years ago. A greater heating 
all over the surface than 100° Fahrenheit would kill 
nearly all existing plants and animals, I may safely Eay. 
Are modem geologists prepared to say that all life was 
killed off the earth 50,000, 100,000, or 200,000 years 
ago ? For the uniformily theory, the further back the 
time of high surface-temperature is put the better; 
but the further back the time of heating, the hotter it 
must have been. The best for those who draw most 
largely on time is that which puts it furthest back ; 
iind that is the theory that the heatirg was enough 
to melt the whole. But even if it was enough to 
melt the whole, we must atOI admit some limit, such as 
fifty million years, one hundred million years, or two 
or three hundred million years ago. Beyond that we 
cannot go." ' 

It will be observed that the "limit" is once again 
of the vaguest, ranging from 50,000,000 years to 
300,000,000. And the reply is, once more, that, for 
anything that can be proved to the contrary, one or 
two hundred million years might serve the purpose, 
even of a through-going Huttonian uniformitarian, 
very well. 

But if, on the other hand, the 100,000,000 or 
200,000,000 years appear to be insufBeient for geo- 
logical purposes, we must closely criticise the me^od 

' Loc cit., p. 2i. 
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by which the Umit is reached. The argument is simple 
enough. Assuming the earth to be nothing but a cool- 
ing mass, the quantity of heat lost per year, supposing 
the rate of cooling to have been uniform, multiplied 
by any given number of years, will be given the mini- 
mum temperature that number of years ago. 

But is the earth nothing but a cooling mass, "like 
a hot-water jar such as is used in carriages," or " a globe 
of sandstone'" ? a^ has its cooling beet uniform l' An 
aflfirmative answer to both these questions seems to be 
necessary to the validity of the calculations on which 
Sir W. Thomson lays so much stress. 

Nevertheless it surely may be urged that such aflSrma- 
tive answers are purely hypothetical^ and that other 
suppositions have an equal right to consideration. 

For example^ it it not possible that, at the prodigious 
temperature which would seem to exist at 100 miles 
below the surface, all the metallic bases may behave as 
mercury does at a red heat, when it refuses to combine 
with oxygen ; while, nearer the surface^ and therefore at 
a lower temperature, they may enter into combination (as 
mercury does with oxygen a few degrees below its boiling- 
point) and so give rise to a heat totally distinct from 
that which they possess as cooling bodies ? And has 
it not also been proved by recent researches that the 
quality of the atmosphere may immensely affect its 
permeability to heat; and, consequently, profoundly 
modify the rate of cooling the globe as a whole ? 

I do not think it can be denied that such conditions 
may exist, and may so greatly affect the supply, and the 
loss, of terrestrial heat as to destroy the value of any 
calculations which leave them out of sight. 

My functions as your advocate are at an end. I 
speak with more than the sincerity of a mere advocate 
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when I express the belief that the case ao:ainst us has 
entirely broken down. The cry for refor^ which has 
been raised without, is superfluous, inasmuch as we 
have long been reforming from within, with all needful 
speed. And the critical examination of the grounds 
upon which the very grave charge of opposition to 
the principles of Natural Philosophy has been brought 
against us, rather shows that we have exercised a wise 
discrimination in declining, for the present, to meddle 
with our foundations. 






^ 
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XIL 
THE ORIGIN OF SPECIES- 

Mr. Darwin's long-standing and well-earned scientific 
eminence probably renders him indiiferent to that social 
notoriety which passes by the name of success ; but if 
the calm spirit of the philosopher have not yet wholly 
superseded the ambition and the vanity of the carnal 
man within him, he must be well satisfied with the 
results of his venture in publishing the '' Origin of 
Species/* Overflowing the narrow bounds of purely 
scientific circles, the "species question" divides with 
Italy and the Volunteers the attention of general society. 
Everybody has read Mr. Darwin's book, or, at least, has 
given an opinion upon its merits or demerits; pietists, 
whether lay or ecclesiastic, decry it with the mild 
railing which sounds so charitable ; bigots denounce it 
with ignorant invective; old ladies of both sexes 
consider it a decidedly dangerous book, and even 
savans, who have no better mud to throw, quote anti- 
quated writers to show that its author is no better than 
an ape himself; while every philosophical thinker 
hails it as a veritable Whitworth gun in the armoury of 
liberalism ; and all competent naturalists and physio- 
logists, whatever their opinions as to tlie ultimate fate 
of the doctrines put forth, acknowledge that the work in 
which they are embodied is a solid contribution to know- 
ledge and inaugurates a new epoch in natural history. 
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Nor has the discussion of the subject boen restrained 
within the limits of conversation. When the public is 
eager and interested, reviewers must minister to it3- 
wants ; and the genuins litterateur is too much in the 
habit of acquiring his knowledge from the book he 
judges — as the Abyssinian is said to provide himself 
with steats from the os which eaiTies him — to be with- 
held irom criticism of a profound scientific work by the 
mere want of the requisite preliminary scientific acquire* 
ment ; whUe, on the other hand, the men of science whij 
wish well to the new views, no less than those who 
dispute their validity, have naturally sought opporJ 
tuiiities of expressing their opinions. Hence it is no' 
surprising that almost all the critical journals havi 
noticed Mr. Darwin's work at greater or less length 
and so many disquisitions, of every degree of excellence^ 
from the poor product of ignorance, too often stinaulatedl 
by prejudice, to the fair and thoughtful essay of the 
candid student of Nature, have appeared, that it seema 
an abuost helpless task to attempt to say anything nei 
upon the question. 

But it may be doubted if the knowledge and acume 
of prejudged scientific opponents, or the subtlety o 
orthodox special pleaders, have yet exerted their ful 
force in mystifying the real issues of the great contro 
versy which has been set afoot, and whose end is hardl] 
likely to be seen by this generation ; so that at thi 
eleventh hour, and even failing anything new, it may b) 
useful to state afresh that which is true, and to put th( 
fundamental positions advocated by Mr. Darwin in such 
a form that they may be grasped by those whose special 
studies lie in other directions. And the adoption of thia-, 
cour.3e may be the more advisable, because notwiih- 
stan^ling its great deserts, and indeed partly on account 
of them, the " Origin of Species " is by no means an easy 



I book to read — if by reading is implied the fiill com- 
prehension of an authur's meaning. 
I We do not speak jestingly in saying that it is Mr. 
I Darwin's misfortune to know more about the question he 
I has taken up than any man living. Personally and 

I practically exercised in zoology, in minute anatomy, In 
geology ; a student of geographical distribution, not on 
maps and in museums only, but by long voyages and 
laborious collection ; having largely advanced each of 
these branches of science, and having spent many years 
in gathering and sifting materials for his present work, 
I the store of accurately registered facts upon which the 
author of the " Origin of Species " is able to draw at 
will is prodigious. 

(But this very superabundance of matter must have 
been embarrassing to a writer who, for the present, can 
I only put forward an abstract of his views ; and thence it 
arises, perhaps, that notwithstanding the clearness of the 
style, those who attempt faii-ly to digest the book find 
much of it a sort of intellectual pcraraican — a mass of 
' facts crushed and pounded into shape, rather than held 
' ti^etbtr by the ordinary medium of an obvious logical 
bond : due attention will, without doubt, discover this 
bond, but it is often hard to find. 

Again, fi'om sheer want of room, much has to be 
taken for granted which might readily enough be proved ; 
and hence, while the adept, who can supply the missing 
links in the evidence from his own knowledge, discovers 
freah proof of the singular thoroughness with which all 
difficulties have been considered and all unjustifiable 
suppositions avoided, at every reperusal of Mr. Darwin's 
pregna,nt paragraphs, the novice in biology is apt to 
complain of the frequency of what he fancies is gra- 
tuitous assumption. 

Thus while it may be doubted if, for some years, any 
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one is likely to be eompetcnt to pronounce judgment on 
all the issues raised by Mr. Darwin, there is assuredly 
abundant room for him, who, assuming the humbler, 
though perhaps as useful, office of ao interpreter between 
the " Origin of Species " and the public, contents himself 
with endeavouring to point out the nature of the 
problems which it discusses ; to distinguish between, 
the ascertained facts and the theoretical views which it' 
contains ; and finally, to show the extent to which the 
explanation it offers satisfies the requirements of scientific 
logic. At any rate, it is this office which we purpose to 
nndertake in the following pages. 

It may be safely assumed that our readers have a 
general conception of the nature of the objects to which, 
the word " species " is applied ; but it has, perhaps, 
occurred to a few, even to those who are naturalists ex 
professo, to reflect, that, as commonly employed, the, 
term has a double sense and denotes two very different 
orders of relations. When we call a group of animala, 
or of plants, a species, we may imply thereby, either 
that all these animals or plants have some common 
peculiarity of foim or structure ; or, we may mean that 
they possess some common functional character. That 
part of biological science which deals with form and 
structure is called Morphology — that which concerns 
itself with function. Physiology — so that wc may con- 
veniently speak of these two senses, or aspects, of 
" species " — the one as morpholgical, the other as phy- 
siological. Eegarded from the former point of view, a 
species is nothing more than a kind of animal or plants ■ 
which is distinctly definable from all others, by certain, 
constant, and not mcarly sexual, morphological peculijff- 
ities. Thus horses form a species, because the group of 
animals to which that name is apphed is distinguished 
from all others in the world by. the following constantly 
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as80ciate<l characters. They have 1. A vertebral cohinm ; 

2. Mammae ; 3. A placental embryo ; 4. Four legs ; 5. A 

single well-developed toe in each foot provided with a 

hoof ; 6. A bushy tail ; and 7. Callosities on the inner 

sides of both the fore and the hind legs. The asses, 

again, form a distinct species, because, with the siime 

characters, as far as the lifth in the above list, all asses 

have tufted tails, and have callosities only on the inner 

side of the fore leo^s. If animals were discovered having 

the general characters of the hoi-se, but sometimes with 

callosities only on the fore legs, and more or less tufted 

tails; or animals having the general characters of the 

ass, but with more or less bushy tails, and sometimes 

with callosities on both pairs of legs, besides being uiter- 

mediate in other respects — the two species would havii 

to be merged into one. They could no longer be 

regarded as morphologically distinct species, for they 

would not be distinctly definable one from the other. 

However bare and simple this definition of species 
may appear to be, we confidently appeal to all practical 
naturalists, whether zoologists, botanists, or palajonto- 
logists, to say if, in the vast majority of cases, they 
know, or mean to affirm, anythiug more of the grouj) of 
animals or plants they so denominatxj than what has just 
been stated Even the most decided advofates of the 
received doctrines respecting species admit this, 

* I apprehend," says Professor Owen,^ "that few naturalists now- 
a-days, in describing and proposing a name tor what they call * a new 
gpecieSf* use that term to signify what was meant by it tw«;iity or thirty 
years ago; that is, an originally distinct creation, maintaining its 
primitiye distinction by obstructive generative j)eculiariti<i.s. Tlie ]iro- 
poeer of the new species now intends to state no more tlian he 
actually knows; as, for example, that the diiiorences on v/liich he 

^ On the Osteology of the Chimpanzees and Orangs : Transactions of the 
'Sodety, 185a 
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founds the specific u!ianii:ter are constant in indiviJuala of both sexes, 
so f nr aa observtttion has reached ; and that tliey are not due tu 
domestication or to artilicially superiuduoed external circumstances, oi 
to any outward influence within his cognizance; that the speciea ia 
wild, or ia auck as it appears by Nature." 

If we consider, in fact, that by far the largest pro- 
portion of recorded existing speciea are known only by 
the study of their akioB, or bones, or other lifeless 
exuvia ; that we are acquainted with none, or next to 
none, of their physiological peculiarities, beyond those 
which can be deduced from their structure, or are open 
to cursory observation ; and that we cannot hope to 
learn more of any of those extinct forms of life which 
now constitute no inconsiderable proportion of the kno^vn 
Flora and Fauna of the world: it is obvious that the 
definitions of these speciea can be only of a purely 
structural or morphological character. It is probable 
that naturalists would have avoided much confusion of 
ideas if they had more frequently borne the necessary 
limitations of our knowledge in mind. But while it 
may safely be iidmitted that we are acquainted with 
only the morphological characters of the vast majority 
of species — the functional, or physiological, peculiarities 
of a few have been carefully investigated, and the result 
of that study forms a large and most interesting portion 
of the physiology of reproduction. 

The student of Nature wonders the more and is as- 
tonished the less, the more conversant he becomes with 
her operations ; but of all the perennial miracles she 
offers to his inspection, perhaps the most worthy of 
admiration is the development of a plant or of an animal 
from its embryo. Examine the recently laid egg of 
Bome common animal, such as a salamander or a newt. 
It is a minute splicroid in which the best microscope 
will reveal nothing but a structureless sac, enclosing a 



glairy fluid, Iiolding granulea in suspension. But strange 
possibilities lie dormant in that semi-fluid globule. Let 
a moderate supply of waimth reach its watery cradle, 
and tlie plastic matter undergoes changes so rapid and 
yet 80 steady and purposelike in their succession, that 
one can only compare them to those operated hy a 
skilled modeller upon a formless lump of clay. As 
Tivith an invisible trowel, the mass is divided and sub- 
divided into smaller and smaller portion,^, until it is 
reduced to an aggregation of granules not too large to 
build withal the finest fabrics of the nascent organism. 
And, then, it is as if a delicate finger traced out the line 
to be occupied by the spinal column, and moulded the 
contour of the body ; pinching up the head at one end, 
the tail at the other, and fashioning fiiuik and limb into 
due salamandrine proportions, in so artistic a way, that, 
after watching the process hour by hour, one is almost 
involuntarily popsessed by the notion, that some more 
subtle aid to vision than an achromatic, would show the 
hidden artist, with his plan before him, Btriving with 
skilful manipulation to perfect his work. 

As life advances, and the yonng amphibian ranges the 
waters, the terror of his insect contemporaries, not only 
are the nutritious particles supplied by its prey, by the 
addition of which to its frame growth takes place, laid 
down, each in its proper spot, and in such due proportion 
to the rest, as to reproduce the form, the colour, and the 
size, characteristic of the parental stock ; but even the 
wonderful powers of reproducing lost parts possessed by 
these animals are controlled by the same governing 
tendency. Cut off the legs, the tail, the jaws, separately 
or all together, and, as Spallanzani showed long ago, 
these parts not only grow again, but the redintegrated 
limb is formed on the same type as those which were 
lost. The new jaw, or leg, is a newt's, and never by any 
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accident more like that of a frog. What is ti'iie of the 
newt is true of every animal and of every plant; the 
acorn tends to build itisolf up again into a woodland 
giant 8ueh as that from whose twig it fell; the spore ol 
the humblest lichen reproduces the green or brown 
incrustation which gave it birth ; and at the other end 
of the scale of life, the cbild that resembled neither the 
paternal nor the maternal side of the house would be 
regarded as a kind of monster. 

So that the one end to which, in all living beings, the 
formative impulse is tending — the one scbeme which the 
ArchEeus of the old speculators strives to carry out, 
seems to be to mould the offspring into the likeness of 
the parent. It is the first great law of reproduction, 
that the offspring tends to resemble its parent or parents, 
more closely than anything else. 

Science will some day show us how this law is a 
necessary consequence of the more general laws which 
govern matter ; but, for the present, more can hardly be 
said than that it appears to be in harmony with them. 
AVe know that the phenomena of vitality are not some- 
thing apart from other physical phenomena, but one 
with them ; and matter and force are the two names of 
the one artist who fashions the living as well as the life- 
less. Hence living bodies should obey the same great 
laws as other matter— nor, throughout Nature, is there sn' 
law of wider application than this, that a body impelled' 
by two forces takes the direction of their resultant. But 
living bodies may b.i regarded aa nothing but extremely 
complex bundles of forces held in a mass of matter, aa 
the complex forces of a magnet are held in the steel by 
its coercive force ; and, since the differences of sex arc 
comparatively slight, or, in other words, the sum of the 
forces in each has a very similar tendency, their re- 
sultant, the offspring, may reasonably be expected to 
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^ deviate but little from a course parallel to either, or 
to both. 

Represent the reason of the law to ourselves by what 
physical metaphor or analogy we will, however, the 
great matter is to apprehend its existence and the im- 
portance of the consequences deducible from it Foi 
things which are Uke to the same are like to one another, 

r^id if, in a great series of generations, every oflepring ia 
its parent, it follows that all the offspring and all 

_'the parents must be like one another; and that, given 
an original parental stock, with the opportunity of un- 
disturbed multiplication, the law in question necessitates 
the production, in course of time, of an indefinitely large 
group, the whole of whose members are at once very 
similar and are blood relations, having descended from 
the same parent, or pair of parents. The proof that all 
the members of any given group of animals, or plants, 
had thus descended, would be ordinarily considered 

I sufficient to entitle them to the rank of physiological 
^^n)ecie8, for most physiologists consider species to be de- 
^■mable as " the offspring of a single primitive stock." 
^f But though it is quite true that all those groups we 

call species may, according to the known laws of re- 
production, have descended from a single stock, and 
though is is very likely they really have done so, yet 

ibis conclusion rests on deduction and can hardly hope 
D establish itself upon a basis of obser^'ation. And the 
ffimitiveness of the supposed siugle stock, which, after 
U, is the essential part of the matter, is not only a 
wpothesis, but one which has not a shadow of founda- 
lon, if by " primitive " be meant " independent of any 

II other living being." A scientific definition, of which an 
unwarrantable hypothesis forms an essential part, carries 
its condemnation within itself ; but even supposing such 
\ definition were, in form, tenable, the physiologist who 




should attempt to apply it in Nature would soon find 
himself involved in great, if not inextricable, difBcnlties, 
As we have said, it is indubitable that offspring tend to 
resemble the parental organism, but it is equally true 
that the similarity attained never amounts to identity, 
either in form or in structure. There is alwaj's a certain 
amount of deviation, not only from the precise characters 
of a single parent, but when, as in most animals and 
many plants, the sexes are lodged in distinct individuals, 
from an exact mean between the two parents. And 
indeed, on general principles, this slight deviation seems 
as intelligible as the general similarity, if we reflect how 
complex the co-operating "bundles of forces" are, and 
how improbable it is that, in any case, their true re- 
eultant shall coincide with any mean between the more' 
obvious characters of the two parents. Whatever be 
its cause, however, the co-existence of this tendency to 
minor variation with the tendency to general similarity, 
is of vast importance in its bearing on the question (rf 
the origin of species. 

As a general rule, the extent to which an offspring, 
differs from its parent is slight enough ; but, occasionally, 
the amount of difference is much more strongly marked, 
and then the divergent offspring receives the name of a 
Variety. Multitudes, of what there is every reason tO' 
believe are such varieties, are known, but the origin of 
very few has been accurately recorded, and of these we 
will select two as more especially illustrative of the main 
features of variation. The first of them is that of the' 
" Ancon," or " Otter" sheep, of which a careful account 
is given by Colonel David Humphreys, F.R.S., in a letter* 
to Sir Joseph Banks, published in the Philosophical 
Transactions for 181 3. It appears that one Seth Wright, 
the proprietor of a farm on the banks of the Charles 
Kiver, in Massachusetts, possessed a flock of fifteen cwca 
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and a ram of the ordinary kind. lu the year 1791, one 
of tlie ewcH presented her owner with a male lamb, 
differing, for no assignable reason, from its parents by a 
proportionally long body and short bandy legs, whence 
it was unal)Ie to emulate its relatives in those sportive 
leaps over the neighbours' fences, in which they were 
in the habit of indulging, much to the good farmer's 
vexation. 

The second ease is that detailed by a no less unex- 
ceptionable authority than RIaumur, iu his " Art de faire 
(Iclore les Poulets." A Maltese couple, named Kelleia, 
whose hands and feet were constructed upon the ordinary 
human model, had bom to them a son, Gratio, who pos- 
sessed six perfectly moveable fingers on each hand and 
BIX toes, nut quite so well formed, on each foot. No 
cause could be assigned for the appearance of this un- 
usual variety of the human species. 

Two circumstances are well worthy of remark in both 
these eases. In each, the variety appears to have arisen 
in full force, and, as it were, per solium; a wide and 
definite difference appearing, at once, between the Aneon 
ram and the ordinary sheep ; between the six-fingered 
and six-toed Gratio Kelleia and ordinary men. In 
neither case is it possible to point out any obvious reason 
for the appearance of the variety. Doubtless there weie 
determining causes for these as for all other pha;nomena ; 
but they do not appear, and we can be tolerably cer- 
tain that what are ordinarily understood as changes in 
physical conditions, as in climate, in food, or the like, 
did not take place and had nothing to do with the 
matter. It was no case of what is commonly called 
adaptation to circumstances ; but, to use a conveniently 
erroneous phrase, the variations arose spontaneously. 
The fruitless seai'ch after final causes leads their pnrsuere 
a long way ; but even those hardy ttleologisLdj who are 



fl'an Sermons, (Pssitgs, aiib ^efaittos. L^n. 



ready to break tkrongb all the laws of physics in chi 
of their favourite will-o'-the-wispj may be puzzled to 
discover what purpose could be attained by the stunted 
legs of Seth Wright's ram or the hexadactyle members 
of Gratio Kelleia. 

Varieties then arise we know not why ; and it is more 
than probable that the majority of varieties have arisen 
in this "spontaneous" maimer, though we are, of eoui'se, 
far from denying that they may be traced, in some cases, 
to distinct external influences ; whieh are assuredly com- 
petent to alter the chai-acter of the tegumentary cover- 
ing, to change colour, to increase or diminish the size of 
muscles, to modify constitution, and, among plants, 
give rise to the metamorphosis of stamens into petals, 
and so forth. But however they may have arisen, what 
CRpeeially interests us at present is, to remark that, once 
in existence, varieties obey the fundamental law of re- 
production that like tends to produce like, and their 
offspring exemplify it by tending to exhibit the same. 
deviation from the parental stocrc as themselves. Indeed, 
there seems to be, in many instiiuces, a jire-potent in- 
fluence about a newly-arisen variety which gives it 
what one may call an unfair advantage over the normal 
descendants from the same stock. This is strikingly 
exemplified by the case of Gratio Kelleia, who marrieA 
a woman with the ordinary pentadactyle extremities,! 
and had by her four children, Salvator, George, Andr^, 
and Warie. Of these children Salvator, the eldest boy,, 
bad six fingers and six toes, like his father ; the seconA' 
and third, also boys, had five fingers and five toes, like 
their mother, though the hands and feet of George 
were slightly deformed ; the last, a girl, bad five fingers 
and five toes, but the thumbs were slightly deformed. 
The variety thus reproduced itself purely in the eldest, 
while the normal type reproduced itself purely in the 
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third, and almost purely in the second and last : so 
that it would seem, at first, as if the normal t^-pe 
were more powerful than the variety. But all these 
children grew up and iatennamed with normal wives 
and husband, and then, note what took place : Sal- 
vator had four children, three of whom exhibited the 
hexadactyle members of their grandfather and liither, 
while the youngest had the pentadactyle limbs of the 
mother and grandmother ; so that here, notwithstanding 
a double pentadactyle dilution of the blood, the hexa- 
dactyle variety had the best of it The same pre-potency 
of the variety was still more markedly exemplified in 
the progeny of two of the other children, 31arie and 
Greorgc. Marie (whose thumbs only were deformed) 
gave birth to a boy with six toes, and three other 
normally formed children ; but George, who was not 
quite so pure a pentadact}4e, begot, first, two girls, each 
of whom had six fingers and toes ; then a girl with six 
fingers on each hand and six toes on the right foot, but 
only five toes on the left ; and lastly, a boy with only 
five fingers and toes. In these instances, therefore, the 
variety, as it were, leaped over one generation to re- 
produce itself in full force in the next. Finally, the 
purely pentadactyle Andrd was the fiither of many 
children, not one of whom departed from the normal 
parental type. 

If a variation which approaches the nature of a mon- 
strosity can strive thus forcibly to reproduce itself, it is 
not wonderful that less aberrant modifications should 
tend to be preserved even more strongly ; and the history 
of the Ancon sheep is, in this respect, particularly in- 
structive. With the " 'cuteness " characteristic of their 
nation, the neighlwurs of the Massachusets farmer 
imagined it would be an excellent thing if all his sheep 
were imbued with the stay-at-home tendencies enforced 
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by Nature upon the newly-arrived ram ; ami they advised 
Wright to kill the old patriarch of bis fold, and install 
the Aneon ram in bis place. The result justified their 
sagacious anticipations, and coincided very nearly with, 
what occurred to the progeny of Gratio Kelleia. The 
young lambs were almost always either pure Aucons, op 
pure ordinary sheep. -^ But when sufficient Aneon sheep 
were obtained to interbreed with one another, it waa 
found that the offspring was always pure Aneon. Colonet. 
Humphreys, in fact, states that he waa acquainted with.' 
only " one questionable case of a contrary nature.*- 
Here, then, ia a remarkable and well-established instancejtj 
not only of a very distinct race being established pen 
sakum, but of tha.t race breeding " true " at once, ana 
showing no mixed forms, even when crossed with anothst 
breed. 

By taking care to select Ancons of both scxea, fc 
breeding from, it thus became easy to establish an ex^ 
tremely well-marked race ; so peculiar that, even 
herded with other sheep, it was noted that the Ancons 
kept together. And there is every reason to believe that 
the existence of this breed might have been indefinitely 
protracted ; but the introduction of the Merino shcep^ 
which were not only very superior to the Aueona in wool 
and meat, but quite as quiet and orderly, led to the com- 
plete neglect of the new breed, so that, in 1813, Colont^ 
Humphreys found it difficult to obtain the specii 

' Colonel HumplirejB' atatementa are exceediDgly explicit on this point i- 
"When an Aneon ewe is impregnated b7 a coiniuoa nun, the iscreft| 
resembles wholly cither the ewe or the mm. The increase of the 
two impcegnalm by an Aneon ram followa entirely the one or t 
withont blending any of the distinguishing und essential peculiarities of 
Frequent instances have happened where common ewes liave bad twi 
Aneon rams, when one exhibited the complete marks and features a 
ewe, tie other of the ram. The contrast has been rendered aingi 
striking, when one short-legged and one long-legged lonib, produced 
birth, have been seer suehiiig the dam at the same time." — I'kilosoi 
Tiaasadioiu, 1813, Pt. I., pp. 89, 90, 



whose skeleton was presented to Sir Joseph Banka. We 
believe that, for many years, no remnant of it baa existed 
in the United States. 

Gratio Kelleia was not the progenitor of a race of six- 
fingered men, as Seth Wright's ram became a nation of 
Ancon sheep, though the tendency of the variety to 
perpetutate itself appears to have been fuUy as stroug, in 
the one case as in the other. And the reason of the 
difference is not far to seek. Seth Wright took care not 
to weaken the Ancon blood by matching liis Aneon ewoa 
with any but males of the same variety, while Gratio 
Kelleia's sons were too far removed from the patriarchal 
times to intermarry with their sisters ; and his grand- 
children seem not to have been attracted by their sis- 
fingered cousins. In other words, in the one example a 
race was produced, because, for several generations, care 
was taken to select both parents of the breeding stock 
from animals exhibiting a tendency to vary in the same 
diicction ; while, in the other, no race was evolved, because 
no such selection was exercised. A race is a propagated 
variety ; and as, by the laws of reproduction, ofiapriug 
lend to assume the parental forms, they will l)e more 
likely to propagate a variation exhibited by both parents 
than that possessed by only one. 

There is no organ of the body of an animal which 
may not, and does not, occasionally, vary mote or less 
from the normal type ; and there is no variation which 
may not be transmitted, and which, if selectively trans- 
mitted, may not become the foundation of a race. This 
great truth, sometimes forgotten by philosophers, has 
long been familiar to practical agriculturists and breeders; 
Md upon it rest all the methods of improving the brei-ds 
of domestic animals, which, for the last ceutury, have 
been followed with to much success in England. Coli ur, 
fcrai, size, texture of huir or wool, fTDpurtions uf \. lii.is 
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parts, strength or weakness of coostitution, tendency to 
fatten or to remain lean, to give much or little milk, 
speed, strength, temper, intelligence, special instincts; 
there is not one of these characters whose transmi^ion 
is not an every-day occurrence within the experience 
of cattle-breeders, stock-farmers, horse-dealers, an 
dog and poultry fanciers. Nay, it is only the oth( 
day that an eminent physiologist, Dr. Brown-S^quard; 
communicated to the Koyal Society his diacoveiy 
that epilepsy, artificially produced in guinea-pigs, by a 
means which be has discovered, is transmitted to their 
ofispring. 

But a race, once produced, is no more a fixed and' 
immutable entity than the stock whence it sprang; 
variations arise among its members, and as these varia- 
tions are transmitted like any others, new races may be 
developed out of the pre-existing one ad infinitum, or, 
at least, within any limit at present determined. Givai 
sufficient time and sufficiently careful selection, and the 
multitude of races vv-hich may arise from a comtnoa 
stock is as astonishing as are the extreme structurai! 
differences which they may present. A remarkabW 
example of this is to be found in the rock-pigeon, whicK 
Mr. Darwin has, in our opinion, satisfactorily demon-i 
strated to be the progenitor of all our domestic pigeons, 
of which there are certainly more than a hundred well- 
marked races. The most noteworthy of these races arej 
the four great stocks known to the " fancy " as tumbler 
pouters, carriers, and fantails ; birds which not only dific 
most singularly in size, colour, and habits, but in th 
form of the beak and of the skull : in the proportions c . 
the beak to the skull ; in the number of tail-feathers ; id 
the absolute and relative size of the feet ; in the presem 
or absence of the uropygial gland ; in the number ■ 
vertebrae in the back; iu shoii, in precisely those cha" 
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racters in which the genera and species of birds difl'er 
from one another. 

And it is most remartable and instructive to observe, 
that none of these races can be shown to have been 
originated by the action of changes in what are com- 
monly called external circumstances, upon the wild rock- 
pigeon. On the contrary, from time immemorial, pigeon 
fanciers have had essentially similar methods of treating 
their pets, which have been housed, fed, protected and 
cdred for in much the same way in all pigeonries. In 
feet, there is no case better adapted than that of the 
pigeons to I'efute the doctrine which one sees put forth 
on high authority, that " no other characters than those 
founded on the development of bone for the attachment 
of muscles" are capable of variation. In precise cou- 
'teadiction of th^ hasty assertion, Mr. Darwin's reseai'ches 
jffove that the skeleton of the wings in domestic pigeons 
has hardly varied at all from that of the wild type ; 
irhile, on the other hand, it is in exactly those respects, 
aneh as the relative length of the beak and skull, the 
number of the vertebrte, and the number of the tail- 
feathers, in which muscular exertion can have no im- 
portant influence, that the utmost amount of variation 
has taken place. 

We have said that the following out of the properties 

exhibited by physiological species would lead us into 

difticulties, and at this point they begin to be obvious ; 

for, if, as the result of spontaneous variation and of 

"ective breeding, the progeny of a common stock may 

come separated into groups distinguished from one 

lother by constant, not sexual, morphological characters, 

it is clear that the physiological definition of species is 

likely to clash with the morphological definition. No 

one would hesitate to describe the pouter and the 
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tumbler as distiact species, if they were found fossil, o 
if tlieir skins and skeletons were imported, as those o 
exotic wild birds commonly are — and, without doubt, i 
considered alone, they are good and distinct morpho 
logical species. On the other h;md, they are not physio 
logical species, for they are descended from a commoi 
stock, the rock-pigeon. 

Under these circumstances, as it is admitted on al 
sides that races occur in Natm^e, how are we to knov 
whether any apparently distinct animals are really rt 
dilferent physiological species, or not, seeing that thf 
amount of morphological difference is no ^e guide \ 
Is there any test of a physiological species ? The usua] 
answer of physiologists is in the affirmative. It is said 
that such a test is to be found in the phgenomena oj 
hybridization — in the results of crossing races, as com-' 
pared with the results of crossing species, 

So far as the evidence goes at present, individuals, oj 
what are certainly known to be mere races produced bj 
selection, however distinct they may appear to be, noi 
only breed freely together, but the offspring of such 
crossed races are only perfectly fertile with one another. 
Thus, the spaniel and the greyhouud, the dray-horse and 
the Arab, the pouter and the tumbler, breed together 
with perfect freedom, and their mongrels, if matched 
with other mongrels of the same kind, are equally fertilei 

On the other hand, there can be no doubt that thd 
individuals of many natural species are either absoluteli 
infertile, if crossed with individuals of other species, or, 
if they give rise to hybrid offspring, the hybrids so 
produced are infertile when paired together. The horse 
and the ass, for instance, if so crossed, give rise to the 
mule, and there is no certain evidence of offspi-ing ever 
having been produced by a male and female mule. The 
unions of the rock-pigeon and the ring-pigeon appear to. 
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I be equally barren of result Here, then, says the phy- 
I Biologist, we have a means of distinguishing any two 
I trae species from any two varieties. If a male and a 

(female, selected from each group, produce oflfspring, and 
that offspriug is fertile with others produced in the same 
way, the groups are races and not species. If, on the 
(other hand, no result ensues, or if the offspring are 
infertile with others produced in the same way, they are 
. true physiological species. The test would be an admir- 
Iable one, if, in the first place, it were always practicable 
to apply it, and if, in the second, it always yielded 
. results susceptible of a definite interpretation. Unfor- 
^ tunately, in the great majority of cases, this touchstone 

I for species is wholly inapplicable. 

(The constitution of many wild animals is so altered 
by confinement that they will not breed even with their 
own females, so that the negative results obtained from 
I crosses are of no value ; and the antipathy of wild animals 
of different species for one another, or even of wild and 
tame members of the same species, is ordinarily so great, 
I that it is hopeless to look for such unions in Nature. 
The hermaphrodism of most plants, the difficulty in the 
way of ensuring the absence of their own, or the proper 
: I working of other pollen, are obstacles of no less magni- 

I I tude in applying the test to them. And in both animals 
1, ' and plants is superadded the further difficulty, that 
^ I experiments must be continued over a long time for the 
-;-l purpose of ascertaining the fertility of the mongrel or 
■ nybrid pro^reny, as well as of the first crosses from 

which they spring. 
Not only do these great practical difficulties lie in the 
. J way of applying the hybridization test, but even when 
I this oracle can be questioned, its replies are sometimes 
J as doubtful as those of Delphi. For example, cases are 
I cited by Mr. Darwin, of plants which are more fertile. 
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with tbe polleu of another species than with their own 
and there are others, such aa certain fuci, whose ma! 
element will fertilize the ovnle of a plant of distinct ape 
ciea, while the males of the latter species are ineffective 
with the females of the first So that, in the la^t-named 
instance, a physiologist, who should cross the two species 
in one way, would decide that they were true species j; 
wlule another, who should cross them in the reverse 
way, would, with equal justice, according to the rulej 
pronounce them to be mere races. Several plants, whidi 
there is great reason to believe are mere varieties, a 
almost sterile when crossed ; while both animals at 
plants, which have always been regarded by naturaliab 
us of distinct species, turn out, when the test is appUedj 
to be perfectly fertile. Again, the sterility or fertility 
of crosses seems to bear no relation to the structuna 
resemblances or diS'erencea of the members of any tWO 
groups. 

Mr. Darwin has discussed this question with singula 
ability and circumspection, and his conclusions ai4 
eummed up as follow, at page 276 of his work :— 

" First crospes between forms sufficiently distinct to ba ranked 
species, and their hybrids, are rery generally, but not tmiversallj^ 
sterile. The sterility is of all degrees, and is often so slight that ^ 
two moet caceAil experimen talis ta who havs ever lived have co 
diametrically opposite conclasions in ranking forms by this teat, 
sterility is innately variable in. individuals of the same species, 
eminently susceptible of favonrable and unfavourable conditions; 
degree of sterility does not strictly follow systematic afBnity, bat' 
governed by several curious and complex laws. It is generally * 
ferent, and sometimes widely different, in reciprocal crosses W 
the same two species. It is uot always equal in deijree in a fiiat 
and in the hybrid produced from this cross. 

" In the same manner as in grafting trees, the capacity of 
species or variety to take on another is incidental on genei 
unknown differences in their vegetative systems ; bo in crossing, 
greater or less facility of one species to iinite with another is 
dental on unknown differences ia their repradnctive syatema. 
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» no more rensnn to think that specica have been pjicciaTly endowed 
with various degrees of sterility to prevent them crossing and breeding 
in Nature, than to think that trees have been specially endowed with 
various and aomewbat analosoos degrees of difficulty in being grafted 
together, in order to prevent them becoming inarched in our forests. 

"The sterility of first crosses between pure species, which have 
their leprodactive ejsteiaa perfect, soema to depend on several circum- 
stances ; in some cases largely on the early death of the embryo. The 
sterility of hybrids which have their reproductive systems imperfect, 
and wliich have had this system and their whole organiration dis- 
turbed by being compounded of two distinct species, eeems closely 
allied to that sterility which so frequently afiects pure species when 
their natural conditions of life have been disturbed. This view ia 
Bttpported by a parallelism of anotlier kind ; naniely, that the crossing 
of forms, only siightly different, is favourable to the vigour and fertility 
of the offspring ; and that slight changes in the conditions of life are 
apparently favourable to the vigour and fertility of all orj>anic beings. 
It is not surprising that the degree of difficulty in uniting two species 
Mid the decree of sterility of their hybrid offspring, should generally 
correspond, though due to distinct causes ; for both depend on the 
amount of difference c£ some kind between the speoit^s which are 
cioesed. Hot is it surprising that the facihty of effecting a fret cross, 
tile fertility of hybrids produced &om it, and the capacity of being 
gnfted together — though this latter capacity evidently depends on 
videlf different circumstances — should all run to a certain extent 
ponlld with the systematic affinity of the forms which are subjected 
to (ucperiment ] for systematic affinity attempts to express all kinda of 
nsemblaiice between all species. 

"First crosses between forms known to be varieties, or sufficiently 
alike to be considered as varieties, and their mongrel offspring, are 
very generally, but not quite universally, fertile. Nor ia this nearly 
general and jjerfect fertility surprising, when we remember how liable 
we ate to argue in a circle with respect to varieties in a state of 
Jfatoie ; and when we rrraember that the greater number of varieties 
have been produced undei domestication by the selection of mere 
tttemal differences, and not of differences in the reproductive system. ^ 
~ oil other respects, escluding fertility, there is a closo general 
Lblance between hybrids and mongrels," — Pp. 276-8. 

We iully agree with the general tenor of this weighty 

ipassage; but forcible as are these arguments, and little as 

the value of fertility or infertility as a test of species may 

hit it must not be forgotten that the reaUy important 

I 2 
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fact, 80 far as the inquiry into the origin of species 
goes, is, that there are such things in Nature aa grouiM 
of animals and of plants, whose members are incapable 
of fertilo union with those of othi?r groups; and that 
there ai'C such things as hybrids, which are absolutely 
sterile when crossed with other hybrids. For if such 
phtenomena as these were exhibited by only two of those 
assemblages of living objects, to which the name of 
species (whether it be used in its physiological or in 
its morphological sense) is given, it would have to b« 
accounted for by any theory of the oric^in of species, and 
every theory which could uot account for it would be, bo 
far, imperfect. 

Up to this point we have been dealing with matters of 
fact, and the statements which we have Liid before the 
reader would, to the best of our knowledge, be admitted 
to contain a fair exposition of what is at present known 
respecting the essential properties of species, by all wh» 
have studied the question. And whatever may be his tbeoi 
retical views, no naturalist wiQ probably be disposed iXt 
demur to the following summaiy of that exposition : — 

Living lieings, whether animals or plants, are divisiblei 
into multitudes of distinctly definable kinds, which are 
morphological species. They are also divisible i&£S 
groups of individuals, which breed freely together, tends 
ing to reproduce their like, and are physiological species 
Normally resembling their parents, the offspring d 
members of these species are still liable to vary, and the 
variation may be perpetuated by selection, as a race, 
which race, in many cases, presents all the characteristicfl 
of a morphological species. But it is not as yet proved 
that a race ever exhibits, when crossed with another raoe 
of the same species, those phenomena of hybridization 
which are exhibited by many species when crossed with. 
other species. On the other hand, not only is it noli, 
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proved that all species give rise to hybricia infertile 
inter se, but there is much reason to believe that, in 
crossing, species exhibit every gradation from perfect 
sterility to perfect fertilily. 

Such are the most essential cbaracteristics of species. 
Even were man not one of them — a member of the same 
system and subject to the same laws — the question of 
their origin, their causal connexion, that is, ivith the 
other phisnomena of the universe, must have attracted 
his attention, as soon as his intelligence had raised itself 
above the level of his daily wants. 

Indeed history relates that such was the cnse, and 
has embalmed for us the speculations upon the origin 
of living beings, which were among the earliest products 
oi the dawning intellectual activity of man. In those 
early days positive knowledge was not to be had, but the 
craviiig after it needed, at all hazards, to be satisfied, and 
according to the country, or the turn of thought of the 
speculator, the suggestion that all living things arose 
from the mud of the NUe, from a primeval egg, or from 
some more anthropomorphic agency, afforded a sufficient 
Ksting-pkce for his curiosity. The myths of Piiganism 
are as dead as Osiris or Zeus, and the man who should 
Rvjve them, in opposition to the knowledge of our time, 
would be justly laughed to scorn ; but the coeval imagi- 
nations current among the rude inhabitants of Palestine, 
recorded by writers whose very name and age are 
admitted by every scholar to be unknown, have unfor- 
tanately not yet shared their fate, but, even at this day, 
are regarded by nine-tenths of the civilized world as the 
autiioritative standard of fiict and the criterion of the 
JQutice of scientific conclusions, in all that relates to the 
origin of things, and, among them, of species. In this 
nincteentb century, as at the dawn of modern physical. 
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science, the cosmogony of the senii-barbaroTis Hebrew is 
the incubus of tlie philosopher and the opprobrium of the 
orthodox. Who ehall number the patient and earnest 
seekers after truth, from the days of GaUleo until now, 
whose lives have been embittered and their good name 
blasted by the mistaken zeal of Bibhokters ? Who 
shall count the host of weaker men whose sense ot 
truth has been destroyed in the effort to harmonize 
impossibilities — whose life has been wasted in the 
attempt to force the generous new wine of Science 
into the old bottles of Judaism, compelled by the outcry 
of the same strong party 1 

It is true that if philosophers have suffered, their 
cause has been amply avenged. Extinguished theolo- 
gians He about the cradle of every science as the 
strangled snakes beside that of Hercules; and history 
records that whenever science and orthodoxy have been 
fairly opposed, the iatter has been forced to retire from' 
the lists, bleeding and crushed, if not annihilated J; 
scotched, if not slain. But orthodoxy is the Boiurbon 
of the world tif thought. It learns not, neither can it 
forget ; and though, at present^ bewildered and afraid 
to move, it is as willing as ever to insist that the firsti 
chapter of Genesis contains the beginning and the end 
of sound science ; and to visit, with such petty thunder 
bolts as its half-paralysed hands can hurl, those wh( 
refuse to degrade Nature to the level of primitivi 
Judaism. 

Philosophers, on the other hand, have no such aggres- 
sive tendencies. With eyes fixed on the noble goal to 
which " per aspera et ardua " they tend, they may, nowi 
and then, be stirred to momentary wrath by the unneces- 
sary obstacles with which the ignorant, or the malicious, 
encumber, if they cannot bar, the difficult path ; but 
why should their souls be deeply vexed 1 The majesty 
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of Fact is on their side, and the elemental forces of 
Nature are working for them. Not a star comes to the 
meridian at its calculated time but testifies to the justice 
of their methods — their beliefs are " one with the falling 
rain and with the growing corn." By doubt they are 
established, and open inquiry is their bosom friend. 
Such men have no fear of traditions however venerable, 
and no respect for them when they become mischievous 
and obstructive ; but they have better than mere anti- 
quarian business in hand, and if dogmas, which ought to 
ne fossil but are not, are not forced upon their notice, 
they are too happy to treat them as non-existent. 

The hypotheses respecting the origin of species which 
profess to stand upon a scientific basis, and, as such, 
alone demand serious attention, are of two kinds. The 
one, the ** special creation " hypothesis, presumes every 
species to have originated from one or more stocks, 
these not being the result of the modification of any 
other form of living matter — or arising by natural 
agencies — but being produced, as such, by a super- 
natural creative act. 

The other, the so-called ^ transmutation '* hypothesis, 
considers that all existing species are the result of the 
modification of pre-existing species, and those of their 
predecessors, by agencies similar to those which at the 
present day produce varieties and races, and therefore in 
an altogether natural way ; and it is a probable, though 
not a necessary consequence of this hypothesis, that all 
living beings have arisen from a single stock. With 
respect to me origin of this primitive stock, or stocks, 
the doctrine of the origin of species is obviously not 
necessarily concerned. The transmutation hypothesis, 
for example, is perfectly consistent either with the con- 
ecprion of a special creation of the primitive germ, or 
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with the BUpposition of it3 having arisen, as a modifi- 
cation of inorganic matter, by natm'al causes. 

The doctrine of Bpeeial creation owes its existence 
very largely to the supposed necessity of making science 
accord with the Hebrew cosmogony ; but it is curious 
to observe that, as the doctrine is at present maintained 
by men of science, it is aa hopelessly inconsistent with 
the Hebrew view as any other hypothesis. 

If there be any result which has come more clearly 
out of geological investigation than another, it is, that 
the vast series of extinct animals and plants is not 
divisible, aa it was once supposed to be, into distinct 
groups, separated by sharply-marked boundaries. There 
are no great gulfe between epochs and formations — no 
aueeessive periods marked by the appearance of plants 
of water animals, and of land animals, en masse. Every 
year adds to the list of links between what the older 
geologists supposed to be widely separated epochs : 
witness the crags linking the drift with the older tei^ 
tiaries ; the Maestricht beda linking the tertiariea with 
the chalk ; the St. Cassian beds exfibiting an abundant 
fauna of mixed mesozoic and palaeozoic types, in rocka 
of an epoch once supposed to be eminently poor in lifej 
■witness, lastly, the incessant disputes aa to whether a' 
given stratum shall be reckoned devonian or carbon- 
iferous, Silurian or devonian, cambrian or silurian. 

This truth is further illustrated in a most intereflting' 
manner by the impartial and highly competent testimony 
of M. Pictet, from whose calculations of what percentage 
of the genera of animals, existing in any formation, lived 
during the preceding formation, it results that in no 
case is the proportion less than one-third, or 33 per 
cent. It is the triassic formation, or the commencement 
of the mesozoic epoch, which has received this smallest 
inheritance from preceding ages. The other formationi 
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Dot uncommonly exhibit 60, SO, or even 94 per cent, 
of genera in common with those whose remains are 
imbedded in their predecessor. Not only is this true, 
but the subdivisions of each formation exhibit new 
species characteristic of, and found only in, them ; and, 
in many cases, as in the lias for example, the separate 
. beds of these Rubdivisions are distinguished by well- 
' maiked and peculiar forms of life. A section, a hundred 
feet thick, will exhibit, at different heights, a dozen 
species of ammonite, none of which passes beyond its 
particular zone of limestone, or clay, into the zone below 
it or into that above it ; so that those who adopt the 
doctrine of special creation must be prepared to admit, 
rtihat at interv'als of time, corresponding ivith tlic thickness 
" hese beds, the Creator thought fit to interfere with 
natural course of events for the purpose of making 
■» new ammonita It is not easy to tnmsplant oneself 
into the frame of mind of those who can accept such a 
conclusion as this, on any evidence short of absolute 
demonstration ; and it is difficult to see what is to be 
eined by so doing, since, as we have said, it is obvious 
Mi&t such a view of the origin of living beings is utterly 
opposed to the Hebrew cosmogony. Def=erving no aid 
from the powerful arm of bibliolatry, then, does the 
received form of the hypothesis of special creation derive 
any support from science or sound logic "i Assuredly 
not much. The arguments brought forward in its favour 
all take one form : If species were not eupernaturally 
created, we cannot uuderstand the facts x, or y, or «; 
we cannot understand the structure of animals or plants, 
unless we suppose they were contrived for special ends ; 
we camiot understand tho structure of the eye, except 
l)y supposing it to have been made to see with ; we 
cannot understand instiocts, unless we suppose ani m ala 
to have been miraculously endowed with them. 
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As a question of dialectics, it must be admitted ttat: 
this Bort of reasoning is not very formidable to those 
who are not to be frightened by consequences. It is an 
argumentiim ad ignorantiam — take this explanation or 
be ignorant. But suppose we prefer to admit our igno- 
rance rather than adopt a hypothesis at ■variance with 
all the teachings of Nature % Or, suppose for a moment 
we admit the explanation, and then seriously ask our-; 
selves how much the wiser are we ; what does tha 
explanation explain ? Is it any more than a grandilo- 
quent way of announcing the fact, that we really know 
nothing about the matter ? A phEenomenon is expIaiDed 
when it is shown to be a case of some general law of 
Nature ; but the supernatural interposition of the Creator 
can, by the nature of the case, exemplify no law, and if 
species have really arisen in this way, it is absurd to 
attempt to discuss their origin. 

Or, lastly, let us ask ourselves whether any amount-' 
of evidence which the nature of our faculties permits us 
to attain, can justiiy us in asserting that any phseno- 
menon is out of the reach of natural causation. To thia 
end it is obviously necessary that we should know all 
the consequences to which all possible combinatioia, 
continued through unlimited time, can give rise. If we. 
knew these, and found none competent to originate^ 
species, we should have good ground for denying their 
origin by natural causation. TiH we know them, any 
hypothesis is better than one which involves us in such 
miserable presumption. 

But the hypothesis of special creation is not only a' 
mere specious mask for our ignorance ; its existence in 
Biology marks the youth and imperfection of the science. 
For what is the history of every science but the his-' 
tory of the elimination of the notion of creative, or. 
other interferences, with the natural order of the phjeno- 
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mena which are the subject-matter of that science? 
When Astronomy was young **the morning stars sang 
together for joy," and the planets were guided in their 
courses by celestial hands. Now, the harmony of the 
stars has resolved itself into gravitation according to 
the inverse squares of the distances, and the orbits of 
the planets are deducible from the laws of the forces 
which allow a schoolboy's stone to break a window. 
The lightning was the angel of the Lord ; but it has 
pleased Providence, in these modem times, that science 
should make it the humble messenger of man, and we 
know that every flash that shimmers about the horizon 
on a summer's evening is determined by ascertainable 
conditions, and that its direction and brightness might, 
if our knowledge of these were great enough, have been 
calculated. 

The solvency of great mercantile companies rests on 
the validity of the laws which have been ascertained 
to govern the seeming irregularity of that human life 
which the moralist bewails as the most uncertain of 
things ; plague, pestilence, and famine are admitted, by 
all but fools, to be the natural result of causes for the 
most part fully within human control, and not the 
unavoidable tortures inflicted by wrathful Omnipotence 
upon his helpless handiwork. 

Harmonious order governing eternally continuous 
progress — the web and woof of matter and force inter- 
weaving by slow degrees, without a broken thread, that 
veil which lies between us and the Infinite — that 
universe which alone we know or can know ; such is 
the picture which science draws of the world, and in 
proportion as any part of that picture is in unison with 
the rest, so may we feel sure that it is rightly painted. 
Shall Biology alone remain out of harmony with her 
sister sciences? 
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Such arguments against the hypothesis of the direct 
creation of species as these are plainly enough deducible 
from general considerations ; but there are, in addition, 
phssnomena exhibited by species themselves, and yet 
not so much a part of their very essence as to have 
required earlier mention, which are in the highest degrefi 
perplexing, if we adopt the popularly accepted hypo- 
thesis. Such are the facts of dJstiibution in space and* 
in time ; the singular phtenomena brought to light b^ 
the study of development ; the structural relations of 
species upon which our systems of classification are 
founded ; the great doctrines of philosophical anatomy, 
such as that of homology, or of the community cf 
structural plan exhibited by large groups of speciei 
differing very widely in their habits and functions. 

The species of animals which inhabit the sea on 
opposite sides of the isthmus of Panama are wholly 
distinct;^ the animals and plants which inhabit island^ 
are commonly distinct from those of the neighbouring 
mainlands, and yet have a similarity of aspect. Tht 
mammals of the latest tertiary epoch in the Old anc 
New Worlds belong to the same genera, or familj 
groups, as those which now inhabit the same grea 
geographical area. The crocodilian reptiles which exist© 
in the earliest secondary epoch were similar in genen 
structure to those now living, but exhibit slight diffei 
ences in their vertebne, nasal passngea, and one or twt 
other points. The guinea-pig has teeth which are ehi 
before it is bom, and hence can never subserve tl 
masticatory purpose for which they seem contrived, and) 
in like manner, the female dugong has tusks whicl 
never cut the gum. All the members of the 
great group run through similar conditions in tin 
s ceod to show tlint this statement u not strict^ 
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development, and all their parts, in the adult state, are 
arranged according to the same plan. Man is more like 
a gorilla than a gorilla is like a lemur. Such are a few, 
taken at random, among the multitudes of similar facts 
which modem research has established ; but when the 
student seeks for an explanation of them from the sup* 
porters of the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental sim- 
plicity and brevity — " Mashallah ! it so pleases God ! " 
There are diflferent species on opposite sides of the 
isthmus of Panama, because they were created different 
on the two sides. The pliocene mammals are like the 
existing ones, because such was the plan of creation; 
and we find rudimental organs and similarity of plan, 
because it has pleased the Creator to set before himself 
a " divine exemplar or archetype," and to copy it in his 
works; and somewhat ill, those who hold this view 
imply, in some of them. That such verbal hocus-pocus 
should be received as science will one day be regarded 
as evidence of the low state of intelligence in the nine- 
teenth century, just as we amuse ourselves with the 
phraseology about Nature's abhorrence of a vacuum, 
wherewith Torricelli's compatriots were satisfied to 
explain the rise of water in a pump. And be it recol- 
lected that this sort of satisfaction works not only 
negative but positive ill, by discouraging inquiry, and 
so depriving man of the usufruct of one of the most 
fertile fields of his great patrimony. Nature. 

The objections to the doctrine of the origin of species 
by special creation which have been detailed, must have 
occiured, with more or less force, to the mind of every 
one who has seriously ■ ■ vid independently considered the 
subject. It is therefcjf .' no wonder that, from time to 
time, this hypothesis &aOuld have been met by counter 
hypotheses^ aU as well, and some better, founded than 
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itself; and it 13 curious to remark that the inventors of 
the opposing views seem to have been led into them 
as much by their knowledge of geology, aa by their 
acquaintance with biology. In fact,' when the mind has 
once admitted the conception of the gradual production 
of the present physical state of our globe, by natural 
causes operating through long ages of time, it will be 
little disposed to allow that living beings have made 
their appearance in another way, and the speculations of 
De MaUlet and his successors are the natural complement 
of Seilla's demonstration of the true nature of fossHa 

A contemporary of Newton and of Leibnitz, sharing 
therefore in the intellectual activity of the remarkable 
age which witnessed the birth of modern phyaicaJ 
science, Benolt de Maillet spent a long life as a eonsulai 
agent of the French Glovermnent in various Mediter- 
ranean porta. For sixteen years, in fact, he held the 
office of Consul-General in Egypt, and the wonderful 
phsenomena offered by the valley of the NUe appear to 
have strongly impressed his mind, to have directed his 
attention to all facts of a similar order which came within 
hia observation, and to have led him to speculate on tha 
origin of the present condition of our globe and of ita 
inhabitants. But, with all his ardour for science, Be 
Maillet seems to have hesitated to publish views whicl^ 
notwithstanding the ingenious atfcerapts to recondla 
them with the Hebrew hypothesis contained in the 
preface to " Telliamed," were hardly likely to be received! 
with favour by hia contemporaries. 

But a short time had elapsed since more than one of 
the great anatomists and physicists of the Italian school 
had paid dearly for their endeavours to dissipate some of 
the prevalent errors ; and their illustrious pupU, Harvey, 
the founder of modem physiology, had not fared so well, 
in a country less oppressed by the benumbing influences 
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of theology, as to tempt any man to follow his example. 
Probably not uninfluenced by these considerations, his 
Catholic majesty's Consul-General for Egypt kept his 
theories to himself throughout a long life, for "Telli- 
amed," the only scientific work which is known to have 
proceeded from his pen, was not printed till 1735, when 
its author had reached the ripe age of seventy-nine ; and 
though De Maillet lived three years longer, his book was 
not given to the world before 1748. Even then it was 
anonymous to those who were not in the secret of the 
anagramatic character of its title ; and the preface and 
dedication are so worded as, in case of necessity, to give 
the printer a fair chance of falling back on the excuse 
that the work was intended for a mere jeu cVesprit. 

The speculations of the supposititious Indian sage, 
though quite as sound as those of many a "Mosaic 
Geology, which sells exceedingly well, have no great 
value if we consider them by the light of modem 
science. The waters are supposed to have originally 
covered the whole globe ; to have deposited the rocky 
masseg which compose its mountains by processes com- 
parable to those which are now forming mud, sand, and 
shingle ; and then to have gradually lowered their level, 
leaving the spoils of their animal and vegetable inhabi- 
tants embedded in the strata. As the dry land appeared, 
certain of the aquatic animals are supposed to have 
taken to it, and to have become gradually adapted to 
terrestrial and aerial modes of existence. But if we 
regard the general tenor and style of the reasoning in 
rehition to the state of knowledge of the day, two 
circomstances appear very well worthy of remark. The 
first, that De Maillet had a notion of the modifiability of 
living forms (though without any precise information on 
the subject), and how such modifiability might account 
for the origin of species; the second, that he very 
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clearly apprehended the great modem geological doc- 
trine, so strongly insisted upon by Hutton, and sg 
ably and comprehensively expounded by Lyell, that we 
must look to existing causes for the explanation of past 
geological events. Indeed, the following passage of the 

{preface, in which De Maillet is supposed to speak of the 
ndian philosopher Telliamed, his alter ego, might have 
been written by the most philosophical imiformitarian of 
the present day : — 

** Ce qu'il y a d'6tomiaTit, est que pour arriver k ces connoissances 
il semble avoir perverti Tordre naturel, puisqu'au lieu de s'attacher 
d'abord k recherchep Torigiue de notre globe il a commence pat 
travailler k s'instruire de la nature. Mais k Tentendre, ce renverse- 
ment de Tordre a 6te pour lui Teffet d'un g^nie favorable qui Ta. 
conduit pas k pas et comme par la main aux d^couvertes les plus 
subKmcs. C'est en decomposant la substance de ce globe par une 
anatomie exacte de toutes ses parties qu'il a premi^rement appris de 
quelles mati^res il etait compost et quels arrangemens ces mSmee 
mati^res observaient entre elles. Ces lumieres jointes k Fesprit de 
comparaison toigours n^cessaire k quiconque entreprend de percer les 
voiles dont la nature aime k se cacher, out servi de guide k notre 
philosophe pour parvenir k des connoissances plus intlressantes. Par 
la mati^re et rarrangement de ces compositions il pretend avoir 
reconnu quelle est la veritable ongine de ce globe que nous liabiton% 
comment et par qui il a cte forme." — Pp. xix. xx. 

But De MaiUet was before his age, and as could 
hardly fail to happen to one who speculated on a zoolo- 
gical and botanical question before Linnaeus, and on a 
physiological problem before Haller, he fell into great 
errors here and there ; and hence, perhaps, the general 
neglect of his work. Eobinet's speculations are rather 
behind, than in advance of, those of De Maillet ; and 
though Linnaeus may have played with the hypothesis 
of transmutation, it obtained no serious support until 
Lamarck adopted it, and advocated it with great ability 
in his " Philosophic Zoologique." 

Impelled towards the hypothesis of the transmutation 



of species, partly by his general eosmological and geolo- 
gical views ; partly by the conception of a graduated, 
though irregularly branching, scale of being, wliieh had 
ariseu out of liis profound study of plants and of the 
lower forms of animal life, Lamarck, whose general line 
of thought often closely resembles that of De MaUlet, 
made a great advance upon the crude and merely specu- 
lative manner in which that writer deals with the ques- 
tion of the origin of living beings, by endeavouring to 
find physical causes competent to effect that cliange of 
one species into another, which De Maillet had only 
supposed to occur. And Lamarck conceived that he 
had found in Nature such causes, amply sufficient for the 
purpose in view. It is a physiological fact, he says, that 
organs are increased in size by action, atrophied by 
inaction ; it is another physiological fact that modifica- 
tions produced are transmissible to offspring. Change 
the actions of an animal, therefore, and you will change 
its structure, by increasing the development of the parts 
newly brought into use and by the diminution of those 
less used ; but by altering the circumstances which 
surround it you will alter its actions, and hence, in the 
long ran, change of circumstance must produce change 
of organization. All the species of animals, therefore, 
are, in Lamarck's view, the result of the indirect action 
of changes of circumstance upon those primitive germs 
which he considered to have originally arisen, by spon- 
taneous generation, within the waters of the globe. It 
13 curious, however, that Lamarck should insist so 
atrongly^ aa ho has done, that circumstances never in 
any degree directly modify the form or the organization 
of animals, but only operate by changing their wants 
and consequently their actions ; for he thereby brings 
upon himself the obvious question, how, then, do phvnts, 
* See PhiL Zoologique, vol, i. p. 222, et neq. 
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■whict cannot be said to hnve wants or actions, become 
modified 1 To this he replica, that they are modified, 
by the changes in their nutritive processes, which are 
effected by changing circumstances ; and it does not- 
seem to have occurred to him that such changes miglib 
be as well supposed to take place among animals, 

When we have said that Lamarck felt that mere 
speculation was not the way to arrive at the origin o 
species, but that it was necessary, in order to the estab 
lishment of any sound theory on the subject, to diacove 
by observation or otherwiee, some vera causa, competen 
to give rise to them ; that he affirmed the true okIci- c 
classification to coincide with the order of their develop 
ment one from another ; that he insisted on the neeessifr 
of allowing sufficient time, very strongly ; and that al 
the varieties of instinct and reason were traced back hj 
him to the same cause as that which has given rise ti 
species, we have enumerated his chief contributions U 
the advance of the question. On the other hand, fron 
his ignorance of any power in Nature competent ta 
modify the structure of animals, except the developmenl 
of pai'ta, or atrophy of them, in conseijxience of a changi 
of needs, Lamarck was led to attach infinitely great« 
weight than it deserves to this agency, and the absuP 
dities into which he was led have met with deserved 
condemnation. Of the struggle for existence, on which, 
as, we shall see, Mr, Darwin lays such great stress, he Bad 
no conception ; indeed, he doubts whether there redl), 
are such things as extinct species, unless they be suel 
large animals as may have met their death at the handi 
of man; and so little does he dream of there being anj! 
other destructive causes at work, that, in discussinj 
the possible existence of fossil shells, he asks, " Pourquo 
d'ailleurs seroientrils perdues dfea que Thomme n'a pn 
operer leur destruction?" (Phil. Zool,, voL i. p. 77-1 
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Of the influence of selection Lamarck has as little 
notion, and he makes no use of the wonderful phaeno- 
mena which are exhibited by domesticated animals, and 
illustrate its powers. The vast influence of Cuvier was 
employed against the Lamarckian views, and, as the 
untenability of some of his conclusions was easily 
shown, his doctrines sank under the opprobium of 
scientific, as well as of theological, heterodoxy. Nor 
have the efforts made of late years to revive them 
tended to re-establish their credit in the minds of sound 
thinkers acquainted with the facts of the case ; indeed 
it may be doubted whether Lamarck has not suffered 
more from his friends than from his foes. 

Two years ago, in fact, though we venture to question 
if even the strongest supporters of the special creation 
hypothesis had not, now and then, an uneasy conscious- 
ness that all was not right, their position seemed moio 
impregnable than ever, if not by its own inherent strength , 
at any rate .by the obvious failure of all the attempts 
which had been made to carry it. On the other Land, 
however much the few, who thought deeply on the 
question of species, might be repelled by the generally 
received dogmas, they saw no way of escaping from 
them, save by the adoption of suppositions, so little jus- 
tified by experiment or by observation, as to be at least 
equally distasteful. 

The choice lay between two absurdities and a middle 
condition of uneasy scepticism ; which last, however 
unpleasant and unsatisfactory, was obviously the only 
justifiable state of mind under the circumstances. 

Such being the general ferment in tlic minds of 
naturalists, it is no wonder that they mustered strong in 
the rooms of the Linnsean Society, on the Lst of July of 
the year 1858, to hear two papers by authors living 
on opposite sides of the globe, working out their results 

2 



'2 ITaj Strmoiis, (Sssags, aiib |lttrrtiu3. 



indcpcntleiitly, aud yet professing to have discoTcred one 
and the siime solution of all the problems connected with 
flpecies. The one of these authors was an able naturalist 
Mr. Wallace, who had been employed for some years in, 
studying the productions of the islands of the Indian' 
Archipelago, and who had forwarded a memoir embody- 
ing his views to Mr. Darwin, for communicatioa to the 
Liimiean Society, On perusing the essay, Mr. Darwii 
was not a little surprised to find that it embodied soim 
of the leading ideas of a great work which he had be^ 
preparing for twenty years, and parts of which, contaiit 
ing a development of the very same views, had beca 
perused by his private friends fifteen or sixteen yearai 
before. Perplexed in what manner to do full justicai 
both to his friend and to himself, Mr. Danvin placed 
the matter in the hands of Dr. Hookiff and Sir Charlei^ 
LyeU, by whose advice he communicated a brief abatrj 
of his own views to the Linnjean Society, at the sai 
time that Mr, Wallace's paper was read. Of that abstra 
the work on the " Origin of Species " is an enlargement 
but a complete statement of Mr. Darwin's doctrine i 
looked for m the large and well-illuatratcd work whie 
he is said to be preparing for publication. 

The Darwinian hypothesis has the merit of beii^ 
eminently simple and comprehensible in principle, an 
its essential positions may be stated in a very fe' 
words : all species have been produced by the develo| 
raent of varieties from common stocks by the eonversH 
of these first into permanent races and then into na 
species, by the procese of natural selection, whi< 
process is essentially identical with that artificial 
tion by which man has originated the races of domesti 
animaJa — the struggle for existence taking the placfll 
of man, and exerting, in the case of natural selection. 
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Aat selective action which he performs in artificial 
telectioD. 

The evidence, hrought forward by Mr. Darwin in 
rapport of bia hypothesis is of three kinds. First, he 
endeavours to prove that species may be originated by 
selection ; secondly, he attempts to show that natural 
causes are competent to exert selection ; and thirdly, he 
aica to prove that the most remarkable and apparently 
anomalous phjenomena exhibited by the distribution, de- 
'elopment, and mutual relations of species, can be shown 
o be deducible from the general doctrine of their origin, 
which he propounds, combined with the known facts of 
Jeological change ; and ttiat, even if all these phEenomena 
tre not at present explicable by it, none are necessarily 
inconsistent with it 

Hiere cannot be a doubt thst the method of inquiry 
irhich Mr. Darwin has adopted is not only rigorously in 
liCeordance with the canons of scientific logic, but that it 
s the only adequate method. Critics exclusively trained 
ti classics or in mathematics, who have never determined a 
cientific fact in their lives by induction from experiment 
»r observation, prate learnedly about Mr. Darwin's 
method, which is not inductive enough, not Baconian 
enough, forsooth, for them. But even if practical ac- 

Euaintance with the process of scientific investigation ia 
enied them, they may learn, by the perusal of Mr, 
Mill's admirable chapter " On the Deductive Method," 
that there are multitudes of scientific inquiries, in which 
Ihe method of pure induction helps the investigator but 
a very little way. 

"The moile of inTestigfltion," says Mr. Jlill, "wliicli, from the 

jRored inapplicability of direct methods of observation and esperi- 

lenl, remains to ub aa the main source of the knowledge we posaeen, 

r can Bcqiiiie, respecting the conditioDS and laws of reeiirrence of the 

e complex phamoraena, ia called, in its moat general e^preBsion, 
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the deJuctive method, and consists of three operations : the first, one 
of direct indiictionj the second, of ratiocination; and tbe third, of 
verification." 



Now, the conditions wHch have cletermined the es- 
iatence of species are not only exceedingly compleXj 
but, so far as the great majority of them are concerned,. 
are necessarily beyond our cognizance. But what Mr. 
Darwin has attempted to do is in exact accordance with, 
the rule laid down by Mr. Mill ; he has endeavoured ta 
determine certain great facts inductively, by observation 
and experiment ; he has then reasoned from the data 
thus furnished ; and lastly, he has tested the validity ot 
his ratiocination by comparing his deductions with the 
observed facts of Nature. Inductively, Mr. Darwin en- 
deavours to prove that species arise in a given way. 
Deductively, he desires to show that, if they arise in that 
way, the facts of distribution, development, clasaificatio] 
&c., may be accounted for, 4. e. may be deduced froi 
their mode of origin, combined with admitted changes i 
physical geography and climate, dming an indefinite 
period. And this explanation, or coincidence of observed 
with deduced facts, is, ao far as it extends, a verification 
of the Darwinian view. 

There is no fault to be found with Mr. Darwin's 
method, then ; but it is another question whether he has 
fulfilled all the conditions imposed by that method. Is 
it satisfactorily proved, in fact, that species may 
originated by selection ? that there is such a thing as 
natural selection 1 that none of the phjenomena exhibited 
by species are inconsistent with the origin of species in this 
way ? If these questions can be answered in the affirm- 
ative, Mr. Darwin's view steps out of the ranks of hypo^i 
theses into those of proved theories ; but, so long as the- 
evidence at present adduced falls short of enforcing that 



affirmation, so long, to our mimb, must the new 
be content to remain among the former — an extremely 
valuable, and in the higheet degree probable, doctrine, 
indeed the only extant hypothesis which is worth any- 
thing in a scientific point of view ; but still a hypothesifl, 
and not yet the theory of speciea. 

After much consideration, and with assuredly no biae 
against Mr. Darwin's views, it is our clear conviction 
that, as the evidence stands, it ia not absolutely provea 
that a group of animals, having all the characters exhi- 
bited by species in Nature, has ever been originated by 
selection, whether artificial or natural. Groups having 
the morphological character of species, distinct and per- 
manent races in fact, have been bo produced over and 
over again ; but there is no positive evidence, at present, 
that any group of animals has, by variation and selective 
breeding, given rise to another group which was even in 
the least degree infertile with the first. Mr. Darwin is 
perfectly aware of this weak point, and brings forward a 
multitude of ingenious and important arguments to di- 
minish the force of the objection. We admit the valuft 
of these arguments to their fullest extent ; nay, we will 
go so far as to express our belief that experiments, con- 
ducted by a skilful physiologist, would very probably 
obtain the desired production of mutually more or less 
infeitile breeds from a common stock, in a comparatively 
few years ; but still, as the case stands at present, this 
"little rift within the lute" ia not to be disguised nor 
overlooked. 

In the remainder of Mr. Darwin's argument onr own 
private ingenuity has not hitherto enabled us to pick 
holes of any great importance ; and judging by what we 
hear and read, other adventurers in the same field do not 
seem to have been much more fortunate. It has been 
irged, for instance, that in his chapters on the struggle 
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for esistnice and on natural aelection, Mr. Darwin does 
not so much prove that natural selection does occur, aS 
that it must occur ; but, in fact, no other sort of demonstra- 
tion is attainable. A race does not attract our attention 
in Nature until it has, in all probability, existed for a 
considerable time, and then it is too late to inquire into 
. the conditions of its origin. Again, it is said that there 
is no real analogy between the selection which takes 
place under domestication, by human influence, and any 
operation which can be effected by Nature, for man- inter- 
feres intelligently.- Reduced to its elements, this argu- 
ment implies that an effect produced with trouble by an 
intelligent agent m\i3t,dJortiori, be more troublesome, if 
not impossible, to an unintelligent agent. Even putting 
aside the questio-n ivhether Nature, acting as she does 
according to definite and invariable laws, can be rightly 
called an unintelligent agent, such a position as this is 
wholly untenable. Mix salt and sand, and it shaU puzzle 
the wisest of men, with his mere natural appliances, to 
separate all the grains of sand from all the grains of salt J 
but a shower of rain will efl'ect the same object in ten 
minutes. And so, while man may find it tax all his in- 
telligence to. separate any variety which arises, and ta 
breed selectively from it, the destructive agencies incea* 
santly at work in Nature, if they find one variety to he 
more soluble in circumstances than the other, will inevit- 
ably, in the long run, eliminate it. 

A frequent and a just objection to the Lamarekian 
hypothesis of the transmutation of species is based upon 
the absence of transitional forms between many speeiea. 
But against the Darwinian hypothesis this argument haa 
Ho force. Indeed, one of the most valuable and -sugges- 
tive parts of Mr. Danvin's work is that in which he 
proves, that the frequent absence of trjinsitions is a ne- 
C33sary consequence of his doctrine, and that the stock 



whence two or more species have sprang, need in no 

respect be intermediate between these species. If any 

f two species have arisen from a common stock in the same 

' way as the carrier and the pouter, say, have arisen from 

the rock-pigeon, then the common stock of these two 

speciea need be no more intermediate between the two 

than the rock-pigeon is between the carrier and pouter. 

Clearly apprfciate the force of this analogy, and all the 

I arguments against the origin of species by selection, based 

on the absence of transitional forms, fall to the ground. 

I And Mr. Darwin's position might, we think, have been 
even stronger than it is if he had not embarrassed himself 
with the aphorism, " Natura non facit saltum," which 
turns up so often in his pages. We believe, as we have 
I said above, that Nature does make jumps now and then, 
and a recognition of the fact is of no small importance 
j in disposing of many minor objections to the doctrine 

of transmutation. 
I But we must pause. The discussion of Mr. Darwin's 
arguments in detail would lead us far beyond the limits 
within which we proposed, at starting, to confine this 
article. Our object has been attained if we have given 
HD intelligible, however brief, account of the established 
facts connected with species, and of the relation of the 
explanation of those facts offered by Mr. Darwin to the 
theoretical views held by his predecessors and his con- 
temporaries, and, above all, to the requirements of scien- 
tific logic. We have ventured to point out that it does 
not, as yet, satisfy all those requirements ; but we do not 
hesitate to assert that it is as superior to any preceding 
or contemporary hypothesis, in the extent of observational 
and experimental basis on which it rests, in its rigorously 
scientific method, and in its power of explaining biolo- 
gical phenomena, as was the hypothesis of Copernicus to 
the speculations of Ptolemy. But tlie planetary orbits 
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turned out to be not quite circular after all, and, grand 
as was the service Copernicus rendered to science, Keplec 
and Newton had to come after him. What if the orbit 
of Darwinism should be a little too circular ? What if 
species should offer residual phEonomena, here and there, 
not explicable by natural selection 1 Twenty years hence 
naturalists may be in a position to say whether this is, or 
la not, the case; but in either event they will owe the 
author of " The Origin of Species " an immense debt of 
gratitude. We should leave a very wrong impression on. 
the reader's mind if we permitted him t« suppose that 
the value of that work depends wholly on the ultimata 
justification of the theoretical views which it contains. 
On the contrary, if they were disproved to-morrow, the 
book would still be the best of its kind — the most com- 
pendious statement of well-sifted facts beaiing on the 
doctrine of species that has ever appeared. The chapters 
on Variation, on the Struggle for Existence, on Instinct, 
on Hybridism, on the Imperfection of the Geological 
Record, on Geographical Distribution, have not only no 
equals, but, so far as our knowledge goes, no competitors^ 
within the range of biological literature. And viewed as 
a whole, we do not believe that, since the publication 
Von Baer's Researches on Development, thirty years 
any work has appeared calculated to exert so larg< 
influence, not only on the future of Biology, but in 
tending the domination of Science over regions of thought' 
into which she has, as yet, hardly penetrated. 
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CRITICISMS ON " THE ORIGIN OF SPECIES." 

L ITkBER die DaBWIS'sCHE ScHOPFUNQSTUEORIE ; EIN YORTRAGy VON 

A. KoLLiKEB. Leipzig, 1864. 

& EXAKIVATION DU LlYRE DE M. DaRWIN 8UR l'OrIGIKE DES EsPiJ^CES. 

Far p. Flouress. Paris, 18G4. 

Ik the course of the present year [1864] several foreign 
oommentaxies upon Mr. Darwin's great work have made 
their appearance. Those who have perused that re- 
markable chapter of the " Antiquity of Man," in which 
Sir Charles Lyell draws a parallel between the develop- 
ment of species and that of languages, will be glad to 
hear that one of the most eminent philologers of Ger- 
many, Professor Schleicher, has, independently, published 
a most instructive and philosophical pamphlet (an excel- 
lent notice of which is to be found in the Reader^ 
for February 27th of this year) supporting similar views 
with all the weight of his special knowledge and 
established authority as a linguist. Professor Haeckel, 
to whom Schleicher addresses himself, previously took 
occasion, in his splendid monograph on tne Radiolaria^ 

^ ** Die Bftdiolarien : eine Monographie," p. 23L 
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to express his high appreciation of, and general concord- 
ance with, Mr. Darwin's views. 

But the most elaborate criticisms of the " Origin of 
Species " which have appeared are two works of very 
widely differeut merit, the one by Professor KoUiker, the 
well-known anatomist and histologist of Wurzburg; the 
other by M. Flourens, Perpetual Secretary of the French 
Academy of Sciences. 

Professor Kolliker's critical essay " Upon the Dar- 
winian Theory " is, like all that proceeds from the pen, 
of that thoughtful and accomplished writer, worthy o£ 
the most careful consideration. It comprises a brief but 
clear sketch of Darwin's views, followed by an enume- 
ration of the leading difficulties in the way of their 
acceptance ; difficulties which would appear to be insur- 
mountable to Professor KoUiker, inasmuch as he proposes 
to replace Mr. Darwin's Theory by one which he terms' 
the " Theory of Heterogeneous Generation." We shall. 
proceed to consider first the destructive, and secondly, 
the constructive portion of the essay. 

AVe regret to find ourselves compelled to dissent very 
widely from many of Professor Kolliker's remarks ; and 
from none more thoroughly than from those in which he 
seeks to define what we may term the philosophical 
position of Darwinism. 

"Darwin," saya Professor KoUiker, "ia, in the fullest Bense of the 
word, a Teleologiat. He saya quite diatinctly (First Edition, pp. 199, 
200) that every particoilar in the Bttucture of an animal has l»een 
created for its benefit, and he regards the whole series of animal forma 
only from this point of view." 

And again : 

*' 7. The teleological general conception adopted by Darwin is a 
mistaken one. 

" Varieties arise irrespectiTely of the notion of purpose, or of ntility, 
according to general laws of ifature, and majr be either useful, or 
hmtful, 01 iudifTerent, 
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"The assumptioa that as oi^anism e^iiets only oa account of some 
definite end in view, and representa something more than the incor- 
poration of a general idea, or law, implies a one-aided conception of 
the nniverse. Aaauredly, every organ haa, and every organism fulfils, 
its end, but its purpose is not the condition of its existence. Every 
I mganism b also sufficiently perfect for the purpose it serves, and in 
L Uut, at least, it is useless to seek for a cause of its improvement" 

I It is singular how differently one and the same book 

' will impress different minds. That which struck the 

present writer most forcibly on his first perusal of the 

" Origin of Species " was the conviction that Teleology, 

as commonly undei-stood, had received its deathblow at 

Mr. Darwin's hands. For the teleological argument runs 

thus : an organ or organism (A) is precisely fitted to 

perform a function or purpose (B) ; therefore it was 

specially constructed to perform that function. In 

I Paley's famous Ulustration, the adaptation of all the 

I parts of the watch to the function, or purpose, of show- 

[ ing the time, is held to be evidence that the watch was 

BpeciaJly contrived to that end ; on the ground, that the 

only cause we know of, competent to produce such an 

effect as a watch which shall keep time, is a contriving 

intelligence adapting the means directly to that end. 

Suppose, however, that any one had been able to show 
that the watch had not been made directly by any 
person, but that it was the result of the modiiication 
of another watch which kept time but poorly ; and that 
this again had proceeded from a structure which could 
hardly be called a watch at aU — seeing that it had no 
figures on the dial and the hands were rudimentary ; 
and that going back and back in time we came at last 
to a revolving barrel as the earliest traceable rudiment 
of the whole fabric. And imagine that it had been 
possible to show that all these changes had resulted, first, 
from a tendency of the structure to vary indefinitely ; 
and secondly, from something in the surrounding world 
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which helped all variations in the direction of an accu* 
rate time-keeper, and checked all those in other direetiona: 
then it is oljvious that the force of Foley's argument 
would be gone. For it -would be demonstrated that an 
apparatus thoroughly well adapted to a particular pur- 
pose might be the result of a method of trial and error 
worked by unintelligent agents, as well as of the direct 
application of the means appropriate to that end, by an 
intelligent agent. 

Now it appears to us that what we have here, for illus- 
tration's sake, supposed to be done with the watch, i 
exactly what the establishment of Darwin's Theory wil 
do for the oi^anic world. For the notion that ever 
organism has been created as it is and launched straigh 
at a purpose, Mr. Darwin substitutes the conception ( 
Bomething which may fairly be termed a method of tri: 
and error. Organi3ma_saiyTllPeseftBtly^- of these varia 
tions the few meet with surrounding conditions whie 
suit them and thrive; the many ai'e imsuited and bi 
come extinguished. 

According to Teleology, each organism is like a rifi 
bullet fired straight at a mark ; according to DarwiiJ 
organisms are like grapeshot of which one hits somi 
thing and the rest fall wide. 

For the tcleologist an organism exists because it waj 
made for the conditions in which it is found ; for th< 
Darwinian an organism exists because, oat of many of 
its kind, it is the only one which has been able to persist 
in the conditions in which it is found. 

Teleology implies that the organs of every organii 
are perfect and cannot be improved ; the Darwinian 
theory simply affirms that they work well enough 
enable the organism to hold its own against such coi 
petitors as it has met with, but admits the possibility 
indefinite improvement. But an example may brinj 
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into clearer light the profound opposition between the 
ordinaiy teleological, and the Darwinian, conception. 

Cats catch mice, small birds and the like, very weD, 
Teleology tells us that they do so because they were 
expresafy constructed for so doing — that they arc perfect 
mousing apparatuses, so perfect and so delicately ad- 
justed that no one of their organs could be altered, 
without the change involving the alteration of all the 
rest. Darwinism affirms, on the contrary, that there 
was no express construction concerned in the matter; 
but that among the multitudinous variations of the 
Feline stock, many of which died out from want of 
power to resist opposing influences, some, the cats, were 
better fitted to catch mice than others, whence they 
throve and persisted, in proportion to the advantage 
over their fellows thus offered to them. 

Far from imagining that cats exist in order to catch 
mice well, Darwinism supposes that cats exist hecatise 
they catch mice well — mousing being not the end, but 
the condition, of their existence. And if the cat-type 
has long persisted as we know it, the interi)retation of 
the fact upon Darwinian principles would be, not that 
the cats have remained invariable, but that such varieties 
as have incessantly occurred have been, on the whole, 
less fitted to get on in the world than the existing 
stock 

If we apprehend the spirit of the " Origin of Species " 
rightly, then, nothing can be more entirely and abso- 
lutely opposed to Teleology, as it is commonly under- 
stood, than the Darwinian Theory. So far from being 
a " Teleologist in the fullest sense of the word," we 
should deny that he is a Teleologist in the ordinary 
sense at all ; and we should say that, apart from his 
merits as a naturalist, he has rendered a most remarkable 
service to philosophical thought by enabling the student 
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of Nature to recognise, to their fullest extent, those adap- 
tations to purpose which ai'e so stiiking in the organic 
world, and which Teleology has done good service in 
keeping before our minds, \Yithout being false to the 
fundamental principles of a scientific conception of the 
universe. The apparently diverging teacMngs of the 
Teleologist and of the Morphologist are reconciled by 
the Darwinian hypothesis. 

Eut leaving our own impressions of the " Origin of 
Species," and turning to those passages specially cited by 
Professor Kblliker, we cannot admit that they bear thi 
interpretation he puts upon them. Darwin, if we read 
him rightly, does not aiErm that every detail in thi 
etructure of an animal has been created for its benefit 
His words are (p. 199); — 

" The foregoing remarks lead me to eay a few worda on tte pioteeic 
lately made bj EOme naturalists against ihe utilitarian doctrine that 
every detail of structure has been produced for the good of its possessor. 
They believe that very many structures have heen created for beauty 
in the eyes of man, oi for mere variety. This doctrine, if true, would 
be absolutely fata! to my theory — yet I fully admit that many atruo- 
tarcs are of no direct use to tlieir possessor," 

And after sundry illustrations and qualifications, he 
concludes (p. 200) : — 

" Hence every detail of stracture in every living creature (malfins 
some little allowance for the direct action of physical conditions) may 
be viewed either aa having been of special use to some ancestral form, 
or as being now of siiecial use to the descendants of this form — eithei 
directly, or induectly, through the complea. laws of growth." 

But it is one thing to say, Darwinically, that every 
■detail observed in an animal's structure is of use to it, 
or has been of use to its ancestors; and quite another 
to aftirm, telcologically, that every detail of an animal's 
structure has been created for its benefit. On the former 
hypothesis, for example, the teeth of the fcetal Balwna 
have a meaning ; on the latter, none. So far as we are 
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aware, there is not a phrase in the " Origin of Species/' 
inconsistent with Professor Kolliker's position, that " va- 
rieties arise irrespectively of the notion of purpose, or 
of utility, according to general laws of Nature, and may 
be either useful, or hurtful, or indiflferent/' 

On the contrary, Mr. Darwin writus (Summary of 
Chap. V.) :— 

** Our igDorance of the laws of variation is profound. Not in one 
case oat of a hundred can we pretend to assign any reason why this or 
that part varies more or less f^m the same part in the parents. .... 
Ihe external conditions of life, 88 climate and food, &c seem to have 
induced some slight modifications. Hahit, in producing constitutional 
differences, and use, in strengthening, and disuse, in weakening and 
diminishing organs, seem to have been more potent in their effects." 

And finally, as if to prevent all possible misconception. 
Air. Darwin concludes his Chapter on Variation with 
these pregnant w^ords: — 

"Whatever the cause may he of each slight difference in the offspring 
firom their parents — and a cause fur each must exist — it is the steady 
accumulation, through natural selection of such differences, when hene- 
Hdal to the individual, that gives rise to all the more important 
modifications of structure, hy which the innumerahle beings on the 
face of the earth are enabled to struggle with each other, and the best 
adapted to survive." 

We have dwelt at length upon this subject, because of 
its great general importance, and because we believe that 
Professor Kolliker's criticisms on tliis head are based 
upon a misapprehension of Mr. Darwin's views — sub- 
stantially they appear to us to coincide with his own. 
The other objections which Professor Kolliker enumerates 
and discusses are the following -} — 

** 1. "No transitional forms between existing sp(»cics are known ; 
and known varieties, whether selected or spontaiieou^, never go so 
£ur as to establish new species.'' 

* Space will not allow us to give Professor Kollikcr*s arguments in detail ; 
oar readers will find a full and accurate Teisiou of them in the Kiodtr tor 
August 13th and 20th, 18G4. 

X 



To this Professor Kolliker appears to attack some 
weight He makes the suggestion that the short-faced 
tumbler pigeoa may be a pathological product. 

" 2. No transitional forms of onimala are inofc with amoDg tlie 
organic remains of earlier epocha." 

Upon this, Professor Kolliker remarks that the absence 
of trausitional forms in the fossil world, though not ne- 
cessarily fatal to Darwin'B views, weakens hia case. 
"3. The struggle for existence does not take place." 
To this objection, urged by Pelzeln, Kolliker, very 
justly, attaches no weight. 



" The varieties which are found arise in eonspquenca of manifold 
external influences, and it is not obvious why they all, or partially, 
should he particularly useful. Each animal suffices for its own ends, 
ia perfect of its tinii, and needs no further development. Should, 
however, a variety he useful and eveu maintain itself, there is nof 
obvious reason why it should change any further. The whole 
eeption of the imperfectioa of organisms and the necessity of their 
becoming perfected is plainly the weatest side of Darwin's Theory, 
and a pis aller {!Nothbehclf) hecause Darwin could think of no other' 
principle by which to explain the uiBtamorphoscs which, as I ako' 
helieve, have occurred." 

Here again we must venture to dissent completely' 
from Professor Kolliker's conception of Mr. Darwin's 
]i3'pothe3is. It appears to us to be one of the many' 
peculiar merits of that hypothesis that it involves no 
belief in a necessary and continual progress of oiganiems, 

Again, Mr. Darwin, if we read him aright, assumes 
no special tendency of organisms to give rise to useful- 
varieties, and knows nothing of needs of development, 
or necessity of perfection. What he says is, in sub- 
stance : All organisms vary. It is in the highest degree 
improbable that any given variety should have exactly 
the same relations to surrounding conditions as the 
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parent stock. In that case it is either better fitted 
(when the variation may be called useful), or worse 
fitted, to cope with them. If better, it will tend to 
supplant the parent stock ; if worse, it will tend to be 
extinguished by the parent stock. 

If (as is hardly conceivable) the new variety is so per- 
fectly adapted to the conditions that no improvement upon 
it is possible, — ^it will persist, because, though it does 
not cease to vary, the varieties will be inferior to itself. 

If, as is more probable, the new variety is by no 
means perfectly adapted to its conditions, but only 
fieurly well adapted to them, it will persist, so long as 
none of the varieties which it throws oflF are better 
adapted than itself. 

On the other hand, as soon as it varies in a useful 
way, t. 6. when the variation is such as to adapt it more 
perfectly to its conditions, the fresh variety will tend 
to supplant the former. 

So far fix)m a gradual progress towards perfection 
forming any necessary part of the Darwinian creed, it 
appears to us that it is perfectly consistent with indefinite 
persistence in one state, or with a gradual retrogression. 
Suppose, for example, a return of the glacial epoch and 
a spread of polar climatal conditions over the whole 
globe. The operation of natural selection under these cir- 
cumstances would tend, on the whole, to the weeding out 
of the higher organisms and the cherishing of the lower 
forms of life. Cryptogamip vegetation would have tlie 
advantage over Phanerogamic ; Hydrozoa over Corals ; 
Crustdcea over Insecta, and Amphipoda and Isopoda 
over the higher Crustacea; Cetaceans and Seals over 
the Primates; the civilization of the Esquimaux over 
that of the European. 

"5. Pelzebi has also objected tliat if the later organisms have 
proc^eeded from the earlier^ tiie whole developmental series, from the 
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f>imp1i»t to th.0 hi;::heat, could not now esist; in Each & case the 
simpler organisms must have disappeared." 

To tliia Professor Kolliker replies, with perfect justice, 
that the conclusion drawn by Pelzeln does not really 
follow from Darwin's premises, and that, if we take the 
facts of Palaeontology as they stand, they rather support 
than oppose Darwin's theory. 

"6. Great weightmnst be attached to the objection brought forward 
by Hnxley, otherwise a wann supporter of Durmn's hypothesis, that 
we know of no varieties which are sterile with one another, aa is tha 
rule among sharply diatinpuished animal forms, 

" If Darwin is right, it must be demonstrated that forma niay be 
produced by selection, which, like tlie present sharply distinguished 
animal forms, are infertile when coupled with one another, and this 
has not been done." 

The weight of this objection is obvious ; but our 
ignorance of the conditions of fertility and sterility, 
the want of carefully conducted exporiments extending 
over long series of years, and the strange anomalies 
presented by the results of the cross-fertilization of 
many plants, should all, as Mr. Darwin has urged, ba 
taken into account in coDaidering it. 

The seventh objection is that we have already dis- 
cussed {suprd, p. 329). 

The eighth and last stands as follows : — • 

" 8, The developmental theory of Darwin ia not needed to enalile ti8 
to understand the re^ar harmonious progress of the complete seriea 
of organic forma from the simpler to the more perfect. 

"The existence of general laws of !Nature explains this harmony, 
even if we assume that all beings have arisen separately and indft- 
pendent of one another. Darwin forgets that inorganic nature, ia' 
which there can be no thought of a genetic connexion of forms,, 
exhibits the same rt.:^uIaT plan, the same harmony, as the orgauiS' 
world ; and that, to cite only one example, there is as much a natural 
ejstem of minerals as of plants and animals." 

'^'^c do not feel quite sure that we seize ProfessOT 
Kijllikcr's meaning here, but he appears to suggest that 
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the observation of the general order and harmony which 
pervade inorganic nature, would lead us to anticipate a 
similar order and harmony in the organic world. And 
this is no doubt true, but it by no means follows that 
the particular order and harmony observed among them 
shoidd be that which we see. Surely the stripes of dun 
horses, and the teeth of the foetal jBalcena, are not ex- 
plained by the " existence of general laws of Nature/' 
Mr. Darwin endeavours to explain the exact order of 
organic nature which exists; not the mere fact that 
there is some order. 

And with regard to the existence of a natural system 
of minerals ; the obvious reply is that there may be a 
natural classification of any objects — of stones on a sea- 
beach, or of works of art ; a natural classifioation being 
simply an assemblage of objects in groups, so as to 
express their most important and fundamental re- 
semblances and difierences. No doubt Mr. Darwin be- 
lieves that those resemblances and diflferences upon 
which our natural systems or classifications of animals 
and plants are based, are resemblances and difierences 
which have been produced genetically, but we can dis- 
cover no reason for supposing that he denies the existence 
of natural classifications of other kinds. 

And, after all, is it quite so certain that a genetic 
relation may not underlie the classification of minerals ? 
'The inorganic world has not always been what we see 
it. It has certainly had its metamorphoses, and, very 
probably, a long " Entwickelungsgeschichte " out of a 
nebular blastema. Who knows how far that amount 
of likeness among sets of minerals, in virtue of which 
they are now grouped into families and orders, may 
not be the expression of the common conditions to 
which that particular patch of nebulous fog, which may 
have been constituted by their atoms, and of which 



they may be, in the strictest sense, the descendants, was 
subjected ? 

It will be obvious from what has preceded, that we 
do not agree with Professor Kolliker in thinking the 
objections which he brings forward so weighty aa to be 
fatal to Darwin's view. But even if the case were other- 
wise, we should be unable to accept the " Theory of 
Heterogeneous Generation" which is offered as a sub- 
stitute. That theory is thus stated: — 

" The fundamental conception of thia hypothesis ia, that, iinder tha 
influence of a. general law of development, the germa of organisma 
produce others different from themselves. Thia might happen (1) by 
the fecundated ova passinj;, in the course of their development, under 
particular circumstances, into higher forms ; (2) by the primitive and 
later organisms producing other organisms without fecundation, out of 
germa or eggs (Parthenogentsia)." 

In favour of this hypothesis, Professor Kolliker ad- 
duces the well-known facts of Agamogenesis, or " alter- 
nate generation ; " the extreme dissimilarity of the 
males and females of many animals; and of the males, 
females, and neuters of those insects which live in 
colonies : and he defines its relations to the Darwinian 
theory as follows : — 

" It is obvious that my hypothesis is apparently very similar to 
Darwin's, inasmuch as I also consider that the various forma of 
animals have proceeded directly from one another. My hypothesia o£ 
the creation of organisms by heterogeneous generation, however, ia 
distinguished very essentially from Darwin's by the entire absence of 
the principle of useful variations and their natural selection ; and my 
fundamental conception is this, that a great plan of developmeut lies 
at the foundation of the origin of the whole o^anic world, impelling 
the simpler forms to more and more complex developmenta. How 
this law operates, what influences determine the development of tha 
eggs and germs, and impel them to asaume constantly new forms, I 
naturally cannot pretend to say ; but I can at least adduce the great > 
analogy of the alternation of generations. If a Bipinnaria, a Braehi- 
alana, a Plufeus, ia competent to produce the Echinoderm, which is 
so widely different from it ; if a hydroid polype can produce the higher 
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Mednsa; if the vennifonn Trematode * nurse' can develop within 
itself the very unlike Cercaria, it will not appear impossible that the 
egg, OP ciliated embiyo, of a sponge, for once, under special conditions, 
might become a hydroid polype, or the embryo of a Medusa^ an 
EcMnoderm.*' 

It is obvious, from these extracts, tliat Professor Kol- 
liker's hypothesis is based ui^on the supposed existence 
of a close analogy between the phsenomena of Agamo- 
genesis and the production of new species from pre- 
existing ones. But is the analogy a real one? We 
think that it is not, and, by the hypothesis, cannot be. 

For what are the phsenomena of Agamogenesis, stated 
generally? An impregnated egg develops into an 
asexual form, A ; this gives rise, asexually, to a second 
form or forms, B, more or less diflFerent from A. B may 
multiply asexually again ; in the simpler cases, however, 
it does not, but, acquiring sexual characters, produces 
impregnated eggs from whence A once more arises. 

No case of Agamogenesis is known in which, when A 
differs widely from By it is itself capable of sexual 
propagation. No case whatever is known in which the 
progeny of B, by sexual generation, is other than a 
reproduction of A. 

But if this be a true statement of the nature of the 
process of Agamogenesis, how can it enable us to com- 
prehend the production of new species from already 
existing ones ? Let us suppose Hyaenas to have pre- 
ceded Dogs, and to have produced the latter in this 
way. Then the Hyaena will represent A, and the Dog, 
B. The first difficulty that presents itself is that the 
Hysena must be asexual, or the process will be wholly 
without analogy in the world of Agamogenesis. But 
passing over this difficulty, and supposing a male and 
female Dog to be produced at the same time from the 
Hyaena stock, the progeny of the pair, if the analogy 
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of the simpler kinds of Aflame genesis^ is to be followed, 
should be a litter, not of puppies, but of young Hyasnaa. 
For the Ajnraogenetic series is always, as we have seen, 
A : B : A : B, &c. ; whereas, for the production of a new 
species, the series must be A : B : B : B, &e. The pro- 
duction of new species, or genera, is the extreme perma- 
nent divergence from the primitive stock. All known 
Agamogenetie processes, on the other hand, end in a 
complete return to the primitive stock. How then is 
the production of new species to be rendered intelligible 
by the analogy of Agamogenesis 1 

The other alternative put by Professor KoUiker — ^the 
passage of fecundated ova in the course of their develop- 
ment into higher forms — would, if it occurred, be merely 
an extreme case of variation in the Darwinian sense, 
greater in degree than, but perfectly similar in kind to, 
that which occurred when the well-known Ancon Ram 
was developed from an ordinary Ewe's ovum. Indeed 
we have always tbouglit that Mr. Darwin has imneces- 
sarily hampered himself by adhering so strictly to his 
favourite "Natura non facit saltum." AVe greatly 
suspect that she does make considerable jumps in 
the way of variation now and then, and that these 
saltations give rise to some of the gaps which appear 
to exist in the series of known forms. 

Strongly and freely as we have ventiu'ed to disagree 

» ir, on the contrary, we follow tlie analogy of the more complex forma of 
Agamogenesis, Bouh us that exhibited by some Trimatoda and by the Aphides, 
the Hyn^ca must prodnce, asexually, a brood of asexual Dogs, iiom which 
other sexless Dogs must proceed. At the end of a certain number of teima 
of the aeries, the Dopa would acqnire sexes and geuenite young ; bnt theaa 
youii;; would be, not Dogs, bub fljiEnaB. In fact, we have demontiraltd, in 
Agamogenetie phfetiomena,that inevitable res-irrence to the orifiinal type, wWch 
is oAiiTteil to be tme of Tariations in general, by Mr. Darwio's opponents j 
ftnd which, if the assertion could he chiuiged into a demonstration, would, in 
fact, be fatal to his hypothesis. 
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with Professor KsUiker, we have always done so with 
regret, and we trust without violating that respect which 
is due, not only to his scientific eminence and to the 
careful study which he has devoted to the subject, but 
to the perfect fairness of his argumentation, and the 
generous appreciation of the woith of Mr. Darwin's 
labours which he always displays. It would be satisfac- 
tory to be able to say as much for M. Flourens. 

But the Perpetual Secretary of the French Academy 
of Sciences deals with Mr. Darwin as the first Napoleon 
would have treated an "ideologue;*' and while dis- 
playing a painful weakness of logic and shallowness of 
information, assumes a tone of authority, which always 
touches upon the ludicrous, and sometimes passes the 
limits of good breeding. 

For example (p. 56) :— 

•*M. Darwin continne: 'Aucune distinction al)solue n*a i\& etue 
pent ^iie Stabile entre les esp^ces et les yari6tes.' Je vous ai d^jk dit 
que vous vous trompiez ; une distinction absolue scpare les variety 
d'aveo les especes." 

** Je v(ms ai dejct dit ; moi, M. le Secrdtaire pcrpdtuel 
de TAcademie des Sciences : et vous 

•Quin'^tos rien, 
Pas m6me Academicicn; * 

what do you mean by asserting the contrary?'* Being 
devoid of the blessings of an Academy in England, we 
are unaccustomed to see our ablest men treated in this 
fashion even by a " Perpetual Secretary/' 

Or again, considering that if there is any one quality 
of Mr. l)arwin's work to which friends and foes have 
alike borne witness, it is his candour and fairness in 
admitting and discussing objections, what is to be 
thought of M. Flourens' assertion, that 
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^ M. Danvin ne cite que les auteuis qui partagent ses opinions/' 
(P. 40.) 

Once more (p. 65) : 

" Enfin Touvrage de M. Darwin a paru. On ne pent qn'etre firappfi 
du talent de Tauteur. Mais que d'id^es obscures, que d'idees fausses ! 
Quel jargon mdtaphysique jet^ mal k propos daus Thistoire naturelle, 
qui tombe dans le galimatias d^s qu'elle sort des idees claires, des 
iddes justes 1 Quel langage pr^tentieux et vide f Quelles personi- 
fications pu^riles et suranndesi O lucidit6l O solidity de Tespnt 
rrau9ai8, que devenez-vous T' 

" Obscure ideas," " metaphysical jargon,** " pretentious 
and empty language," " puerile and superannuated per- 
sonifications.** Mr. Darwin has many and hot opponents 
on this side of the Channel and in Germany, but we do 
not recollect to have found precisely these sins in the 
long catalogue of those hitherto laid to his charge. It is 
worth while, therefore, to examine into these discoveries 
ctfwted solely by the aid of the ** lucidity and solidity ** 
of the mind of M. Flourens. 

Aoeonling to M. Floui-ens, Mr. Darwin*s great error is 
that ho has personified Nature (p. 10), and further that 
he has 

**imx^tted % natnnd selection; he imagines afterwards that tluB 
powor of $o]tvting {powr^Hr dTHirr) which he gi^es to Nature is similar 
to th<^ ]MWOT of man« These two suppositions admitted, nothing 
ato|^ him : ht^ plays with Katuro as he likes, and makes her do all 
ho iUiN^js^c^** ^r. d») 

And tliis is the way M. Flouiens extjognishes natmal 
^^Uviion : 

^* Voy^>n$ dx>nc ^t^cot^ nne foi$« w ^^ pent j aTOir de fimdS dans 
d^ \^u\\n iKMun^d f;V*y«.\5i 9^«i;»iv/.V« 

^* iLVnA-^Ktai «,ar«ir.rYii\V n^etsi $i>uj: im antie noan qne la natore. Poor 
iin «^;t^ ot^:mu$>i\ U d^:ut^ &'«$$ qxi« l\>i^:anisaLXknL ni plas ni moinsL 

"^ U fAUvirjk dvNAc au^sd |vrs>i>imi£er r&rpa»itaH<m^ ei dire qua 

r,vy.T.'ni*».5;f,Mi chcdsit r,vyf.7.%>M7Wm. L^dteiicm maiMftUe est eetto 

/<v^v ,<)ir\^.;xr*<;;# d<>3^t on jowdt aaiKfois axec Uni de &cffift4 

Ar;AHvN;«^ ^;:s^i q,;^ «Si lazt «|( l:.&s£r ^^ais dans le boi^ csfc art i^jindt 
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oomme la natnie/ A la place de Vart de bdtir M. Danvin met 
Vdection naturelle, et c'est tout un: Tun n'est pas plus chim^rique 
que Tautre." (P. 31.) 

And this is really all that M. Flourens can make of 
Natural Selection. We have given the original, in fear 
lest a translation should be regarded as a travesty ; but 
with the original before the reader, we may try to 
analyse the passage. " For an organized being. Nature 
is only organization, neither more nor less." 

Organized beings then have absolutely no relation to 
inorganic nature : a plant does not depend on soil or 
sunshine, climate, depth in the ocean, height above it ; 
the quantity of saline matters in water have no influence 
upon animal life ; the substitution of carbonic acid for 
oxygen in our atmosphere would hurt nobody! That 
these are absurdities no one should know better than 
M. Flourens ; but they are logical deductions from the 
assertion just quoted, and from the further statement 
that natural selection means only that "organization 
chooses and selects organization." 

For if it be once admitted (what no sane man denies) 
that the chances of life of any given organism are 
increased by certain conditions (A) and diminished by 
their opposites (B), then it is mathematically certain that 
any change of conditions in the direction of (A) will 
exercise a selective influence in favour of that organism, 
tending to its increase and multiplication, whUe any 
change in the direction of (B) will exercise a selective 
influence against that organism, tending to its decrease 
and extinction. 

Or, on the other hand, conditions remaining the same, 
let a given organism vary (and no one doubts that they 
do vary) in two directions : into one form (a) better fitted 
to cope with these conditions than the original stock, 
and a second (6) less well adapted to them. Then it is 
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no less certain that the conditions in question must 
exercise a selective influence in favour of (a) and against 
(6), BO that (a) will tend to predominance, and (6) to 
extirpation. 

That M. Flourens should lie unable to perceive the 
logical necessity of these simple arguments, which lie at 
the foundation of all Mr. Darwin's reasoning ; that He 
should confound an irrefragable deduction from the 
observed relations of organisms to the conditions which 
lie around them, with a metaphysical "forme aubstan- 
tielle," or a chimerical personification of the powers 
of Nature, would be incredible, were it not that other 
passages of hia work leave no room for doubt upon 
the subject 

" On imagine nne election natierelU que, pour plna de m^nagemant, 
oa me dit $tie incon&ciente, &a.ns B'apeTcevoit que le coutiCB'Sens littoral 
est pt^ciaement li : Election inconsciejite." (P. 52.) 

"J'ai d^ja dit ce qu'il fant penser de VUeciian, natartlU. On 
Pillion nafarelle a'esi rien, on c'est la nature : tnaia la nature dou^ 
(PSlecliaii, mais la nature personniJiee : detnifere err«ur du dainiei 
aificle ; Le six" ne fait plus de personnificationa." (P. 53.) 

M. Flourens cannot imarjine an unconscious selection 
— it is for him a contradiction in terms. Did M, 
Flourens ever visit one of the prettiest waterins-placea 
of " la belle France," the Baie d'Arcachon 1 If so, he 
will probably have passed through the district of the 
Landes, and will have had an opportunity of observing 
the formation of " duces " on a grand scale. What are 
these "dunes?" The winds and waves of the Bay of 
Biscay have not much consciousness, and yet they, have 
with great care "selected," from among an infiui^ of 
masses of silex of all shapes and sizes, which have been 
submitted to their action, all the grains of sand below a 
certain size, and have heaped them by themselves over 
a great area. This sand has been "unconsciously 
selected " from amidst the gravel in which it first lay 
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with as much precision as if man had ^consciously 
selected " it by the aid of a sieve. Physical Geology is 
full of such selections — of the picking out of the soft 
from the hard, of the soluble from the insoluble, of the 
fusible from the infusible, by natural agencies to which 
we are certainly not in the habit of ascribing con- 
sciousness. 

But that which wind and sea are to a sandy beach, 
the sum of influences, which we term the " conditions 
of existence," is to living organisms. The weak are 
sifted out from the strong. A frosty night " selects " 
the hardy plants in a plantation from among the tender 
ones as efiectually as if it were the wind, and they, the 
sand and pebbles, of our illustration ; or, on the other 
hand, as if the intelligence of a gardener had been 
operative in cutting the weaker organisms down. The 
thistle, which has spread over the Pampas, to the 
destruction of native plants, has been more efiectually 
** selected" by the unconscious operation of natural con- 
ditions than if a thousand agriculturists had spent their 
time in sowing it. 

It is one of Mr. Darwin's many great services to 
Biological science that he has demonstrated the sig- 
nificance of these facts. He has shown that — given 
variation and given change of conditions — ^the inevitable 
result is the exercise of such an infiuence upon organisms 
that one is helped and another is impeded ; one tends 
to predominate, another to disappear ; and thus the 
living world bears within itself, and is surrounded by, 
impulses towards incessant change. 

But the truths just stated are as certain as any other 
physical laws, quite independently of the truth, or false- 
hood, of the hypothesis which Mr. Darwin has based 
upon them ; and that M. Flourens, missing the substance 
and grasping atia shadow, should be blind to the admi- 
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rable exposition of them, which Mr. Darwin has given, 
and see nothiDg there but a " Jemifere erreur du dernier 
aifecle" — a personification of Nature — leads us indeed 
to cry with him : " lucidite I solidite de I'esprit 
Fninfiiis, que devenez-vous?" 

M. Floureus has, in fact, utterly failed to comprehend 
the first principles of the doctrine which he assaila so 
rudely. His objections to details are of the old sort, so 
battered and hackneyed on this side of the Channel, that 
not even a Quarterly Keviewer could be induced to 
pick them up for the purpose of pelting Mr. Darwin 
over again. We have Cuvier and the mummies ; M. 
Roulin and the domesticated animals of America ; the 
difficulties presented by hybridism and by Palaeontology ; 
Darwinism a Hfacciamento of De ilaillet and Lamarck; 
Darwinism a system without a commencement, and its 
author bound to believe in M. Pouchet, &c. &c. Hoir- 
one knows it all by heart, and with what relief one reads, 
at p. 65 — 

" Je laisso M. Darwin ! " 

But we cannot leave M. Flourens without calling oar 
readers' attention to his wonderful tenth chapter, " De 
la Pi-^existence des Germea ct de I'Epig^ntise," which 
opens thus : — 

" Spontaneous generation is only a cliimtera. This point esta- 
blished, two liypottieses remain : that of prt-exiitfncn and that of 
fpi^eiifsii. Tbe one of tbese hypotheses has as little foundation as 
the other." (P. 163.) 

"The doctrine of epi^fnem is derived from Harvey: following by 
ocular inspection the dcTelopment of the new beinj in the Windsor 
does, he saw each part appear si'-^pssively, and taiing the moment 
of apfarancf for the moment of I'urmation he imagined epigenetu." 
(P. 165.) 

On the contrary, says M. Flourens (p. 167), 
"The new being is formed at a stroke (lout tftin coup), as a v^hole^ 
instantaneously ; it is not formed part by part, and at diflerent times. 
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It is fanned at once ; it is formed at the single indinilual moment 
at which the oo^jonction of the male and female elements takes 
place.* 

It will be observed that M. Flourens uses laniniaore 
wbich cannot be mistaken. For him, the labours of Von 
Baer, of Eathke, of Coste, and their contemporaries and 
successors in Germany, France, and England, are non- 
existent i and, as Darwin **imagina" natural selection, so 
Harvey **imagina" that doctrine which gives him an even 
greater claim to the veneration of posterity than his 
better known discovery of the circulation of the blood. 
! Language such as that we have quoted is, in fact, so 
preposterous, so utterly incompatible with anything but 
absolute ignorance of some of the best established facts, 
that we should have passed it over in silence had it not 
appeared to afford some clue to M. Flourens' unhesitating, 
d priori, repudiation of all forms of the doctrine of the 
progressive modification of li\ang beings. He whose 
mind remains uninfluenced by an acquaintance with the 
phsenomena of development, must indeed lack one of the 
chief motives towards the endeavour to trace a genetic 
relation between the different existing forms of life. 
Those who are ignorant of Geology, find no diflSculty in 
believing that the world was made as it is ; and the 
shepherd, imtutored in history, sees no reason to regard 
the green mounds which indicate the site of a Eoman 
camp, as aught but part and parcel of the primaeval 
hill-side. So M. Flourens, who believes that embryos 
are formed " tout d'un coup," naturally finds no difficulty 
in conceiving that species came into existence in the 
same way. 



XIV 

ON DESCAP.TES' "DISCOURSE TOUCHING TH 
METHOD OF USING ONE'S KEASON EIGHTLt 
AND OF SEEKING SCIENTIFIC TKUTH." 



It has been well said that " all the thoughts of men, 
from the begmning of the world until now, are linked 
together into one great chain;" but the conception of! 
the intellectual filiation of mankind which is expressed": 
in these words may, perhaps, be more fitly shadowed 
forth by a different metaphor. The thoughts of men 
seem rather to be comparable to the leaves, flowers, and 
fruit upon the innumerable branches of a few great sterns, 
fed by commingled and hidden roots. These stems bear 
the names of the half-a-dozen men, endowed with intel- 
lects of heroic force and clearness, to whom we are led, 
at whatever point of the world of thought the attempt 
to trace its history commences ; just as certainly as the 
following up the small twigs of a tree to the branchlets 
which bear them, and tracing the branchlets to their 
supporting branches, brings us, sooner or later, to the 
bole. 

It seems to me that the thinker who, more than any^ 
other, stands in the relation of such a stem towards the 
philosophy and the science of the modem world is Ken^ 
Descartes. I mean, that if you lay hold of any charac- 
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teristic product of modem ways of thinking, either in 
the region of philosophy, or in that of science, you find 
the spirit of that thought, if not its form, to have been 
present in the mind of the great Frenrhman. 

There are some men who are counted great because 
they represent the actuab'ty of their own age, and mirror 
it as it is. Such an one was Voltaire, of whom it was 
epigrammaticallysaid, "he expressed everybody's tlioughts 
better than anybody/' ^ But there are other men who 
attain greatness because they embody the potentiality of 
their own day, and magically reflect the future. They 
express the thoughts which will be everybody's two 
or three centuries after them. Such an one was 
Descartes. 

Bom, in 159G, nearly three hundred years ago, of a 
noble family in Touraine, Een^ Descartes grew up into a 
sickly and diminutive child, whose keen wit soon gained 
him that title of "the Philosopher," which, in the mouths 
of his noble kinsmen, was more than half a reproach. 
The best schoolmasters of the day, the Jesuits, educated 
him as well as a French boy of the seventeenth century 
could be educated. And they must have done their 
work honestly and well, for, before his schoolboy days 
were over, he had discovered that the most of what he 
had learned, except in. mathematics, was devoid of solid 
and real value. 

"Therefore," says he, in that "Discourse '** which I have taken for 
my text, " as soon as I was old enough to be set free from the govern- 
ment of my teachers, I entirely forsook the study of letters ; and 
determining to seek no other knowledge than that which I could 
discover within myself, or in the great book of the world, I spent the 
remainder of my youth in travelling ; in seeing courts and armies ; in 
the society of people of different humours and conditions ; in gathering 

* I forget who it was said of him : " K a plus que personiie Tesprit que tout 
le monde a." 

• " Discours de la Methode pour bien conduire sa Ealson et chercher la 
y^rit^ dans les Sciences. 

Y 
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varied experience ; in testing myself bj" the chances of fortune ; and 
in alvajs trying to profit by my reflections on what happeued. . . . 
And I always had an intense desire to learn how to distingcish tralL 
from falsehood, in order to be clear abunt my actions, and to walk 
surefootedly JB this life," 

But "learn what is true, in order to do what is righ^ 
is the summing up of the whole duty of man, for aH, 
who arc unable to satisfy their mental hunger with th« 
east wind of authority ; and to those of us modems who 
are in this position, it is one of Descartes' great claims tc 
our reverence as a spiritual ancestor, that, at three-and- 
twenty, he saw clearly that this was his duty, and acted 
up to his conviction. At two-and-thirty, in fact, finding 
all other occupations incompatible with the search aftei 
the knowledge which leads to action, and being possessed 
of a modest competence, he withdrew into HoUaud; 
where he spent nine years in learning and thinking, iit' 
such retirement that only one or two trusted friends 
knew of his whereabouts. 

In 1637 the firstfruits of these long meditations were 
given to the world in the famous " Discourse touching 
the Method of using Reason rightly and of seeking 
scientific Truth," which, at once an autobiography and a 
philosophy, clothes the deepest thought in language of 
exquisite harmony, simplici^, and clearness. 

The central propositions of the whole "Discourse' are 
these. There is a path that leads to truth so surely, that 
any one who wiU follow it must needs reach the g 
whether his capacity be great or smaU. And there is one 
guiding rule by which a man may always find this path, 
and keep himself from straying when he has found itL 
This golden rule is — give unqualified assent to no pro. 
j^ositions but those the truth of which is so clear 
distinct that they cannot be doubted. 

The enunciation of this great first commandment of 
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science consecrated Doubt It removed Doubt from the 
seat of penance among the gi^ievous sins to which it had 
long been condemned, and enthroned it in that high place 
among the primary duties, which is assigned to it by the 
scientific conscience of these latter days. Descartes was 
the first among the moderns to obey this commandment 
deliberately ; and, as a matter of religious duty, to strip 
off all his beliefs and reduce himself to a state of intel- 
lectual nakedness, until such time as he could satisfy 
himself which were fit to be worn. He thoui^ht a bare 
skin healthier than the most respectable and well-cut 
clothing of what might, possibly, be mere shoddy. 

When I say that Descartes consecrated doubt, you must 
remember that it was that sort of doubt which Goethe 
lias called " the active scepticism, whose whole aim is to 
conquer itself ; " ^ and not that other sort whicli is born 
of flippancy and ignorance, and whose aim is only to 
perpetuate itself, as an excuse for idleness and indiffer- 
ence. But it is impossible to define what is meant by 
scientific doubt better than in Descartes' own words. 
After describing the gradual progress of his negativ^c 
criticism, he tells us : — 

"For all that, I did not imitate tlie sceptics, who doubt only for 
donbting's sake, and pretend to be always undecided; on the contrary, 
my whole intention was to arrive at certainty, and to dig away the 
drift and the sand until I reached the rock or the clay beneath/' 

And further, since no man of common sense,, when 
he pulls down his house for the purpose of rebuilding it, 
fails to provide himself with some shelter while the work 
is in- progress ; so, before demolishing the spacious, if not 
commodious, mansion of his old beliefs, Descartes thought 
it wise to equip himself with what he calls " unc morale 
par provision,'^ by which he resolved to govern his 

1 "Eine thatige Skepsis ist die, welche unablassi^ bemiiht ist sich seibst 
za iiberwindeu, uod durch geregelte Erfohrung zu einer Art von bedingter 
Zayerlasedgkeit zu gelaogen." — Maximen und Eeflexionm^ 7^ Abtheilung. 

y2 
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practical life uutQ such time as he should be bettef 
instructed. The laws of this " provisional self-govera- 
ment " are embodied in four maxims, of which one binda 
our philosopher to submit himself to the laws and religii 
in which he was brought up ; another, to act, on all those. 
occasions which call for action, promptly and according 
to the best of his judgment, and to abide, without 
repining, by the result: a third rule is to seek happinessj 
in limiting his desires, rather than in attempting to satis^ 
them ; while the last is to make the search after trut^ 
the business of his life. 

Thus prepared to go on living while be doubtei^ 
Descartes proceeded to face his doubts Lite a man. Oni 
thing was clear to him, lie would not lie to himself— 
would, under no penalties, say, " I am sure " of that a 
which be was not sure ; but would go on digging ant 
delving until he came to the solid adamant ; or, at worat^ 
made sure there was no adamant. As the record of hia 
progress tells us, he was obliged to confess that life is full 
of delusions ; that authority may err ; that tcstimonv 
may be false or mistaken ; that reason lands us in end- 
less faUaeies ; that memory is often as little trustworthy 
as hope ; that the evidence of the very senses may be 
misunderstood ; that dreams are real as long as they last, 
and that what we call reality may be a long and restless 
dream. Nay, it is conceivable that some powerfiil and 
malicious being may find bis pleasure in deluding us, and 
in making us believe the thing which is not, everymomeDt 
of our lives. What, then, is certain 1 Wbat even, if 
such a being exists, is beyond the reach of bis powers of 
delusion ? Why, the fact that the thought, the present 
consciousness, exists. Our thoughts may be delusive, 
but they cannot be fictitious. As thoughts, they are 
real and existent, and the cleverest deceiver cannot 
make tUem otherwise. 
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Thus, thought is existence. More than that, so far as 
we are concerned, existence is thought, all our concep- 
tions of existence being some kind or other of thought. 
Do not for a moment suppose that these are mere 
paradoxes or subtleties. A little reflection upon the 
commonest facts proves them to be irrefragable truths. 
For example, I take up a marble, and I find it to be 
a red, round, hard, single body. We call the redness, 
the roundness, the hardness, and the singleness, " quali- 
ties '* of the marble ; and it sounds, at first, the height of 
absurdity to say that all these qualities are modes of our 
own consciousness, which cannot even be conceived to 
exist in the marble. But consider the redness, to begin 
with. How does the sensation of redness arise ? The 
waves of a certain very attenuated matter, the particles 
of which are vibrating with vast rapidity, but with very 
different velocities, strike upon the marble, and those 
which vibrate with one particular velocity are thrown off 
from its surface in all directions. The optical apparatus 
of the eye gathers some of these together, and gives them 
such a course that they impinge upon the surface of the 
retina, which is a singularly delicate apparatus, connected 
with the termination of the fibres of the optic nerve. 
The impulses of the attenuated matter, or ether, affect 
this apparatus and the fibres of the optic nerve in a 
certain way ; and the change in the fibres of the optic 
nerve produces yet other changes in the brain ; and 
these, in some fashion unknown to us, give rise to the 
feeling, or consciousness, of redness. If the marble 
could remain unchanged, and either the rate of vibration 
of the ether, or the nature of the retina, could be altered, 
the marble would seem not red, but some other colour. 
There are many people who are w^hat are called colour- 
blind, being unable to distinguish one colour from 
another. Such an one might declare our marble to be 
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green ; and he would be quite as right in saying that it 
is green, as we are in declaring it to he red. But then, 
as the marble cannot, in itself, be both green and red, at 
the eanaii time, this shows that the quality "redness" 
must be in our consciousness and not in the marble. 

In like manner, it is easy to see that the roundness and 
the hardness are forms of our consciousness, belonging 
to the groups which we call sensations of sight and 
touch. If the surface of the cornea were cylindrical, we 
should have a very different notion of a round body 
fi-om that which we possess now ; and if the strength of 
the fabric, and the force sf the muscles, of the body were 
increased a hundredfold, our marble would seem to be aa 
soft as a pellet of bread crumbs. 

Not only is it obvious that all these qualities are in us, 
but, if you will make the attempt, you will find it quite 
impossible to conceive of " blueness," "roundness," and 
"hardness" as existing without reference to some such 
consciousness as our own. It may seem strange to say 
that even the " singleness " of the mai-ble is relative to us ; 
but extremely simple experiments wiU show that such is 
veritably the case, and that our two most trustworthy 
senses may be made to contradict one another on th^ 
very point. Hold the marble between the finger and 
thumb, and look at it in the ordinary way. Sight and 
touch agree that it is single. Now squint, and sight 
tells you that there are two marbles, while touch asserts 
that there is only one. Nest, return the eyes to their 
natural position, and, having crossed the forefinger and 
the middle finger, put the marble between their tips. 
Then touch will declare that there are two marbles, while 
sight says that there is only one ; and touch claims our 
belief, when we attend to it, just as imperatively aa 
eight does. 

But it may be said, the marble tates up a certain 
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space whicli could not be occupied, at the same time, by 
anything else. In other words, the marble has the 
primary quality of matter, extension. Surely this quality 
must be in the thing, and not in our minds ? But the 
reply must still be ; whatever may, or may not, exist in the 
thing, all that we can know of these qualities is a state of 
consciousness. What we call extension is a consciousness 
of a relation between two, or more, ati'ections of the 
sense of sight, or of touch. And it is wholly incon- 
ceivable that what we call extension should exist inde 
pendently of such consciousness as our own. Whether, 
notwithstanding this inconceivability, it does so exist, or 
not, is a point on which I offer no opinion. 

Thus, whatever our marble may be in itself, all that 
we can know of it is imder the shape of a bundle of our 
own consciousnesses. 

Nor is our knowledge of anything we know or feel 
more, or less, than a knowledge of states of consciousness. 
And our whole life is made up of such states. Some of 
these states we refer to a cause we call " self ; " others to 
a cause or causes which may be comprehended under 
the title of " not-self" But neither of the existence of 
*self," nor of that of "not-self,"' have we, or can we by 
any possibility have, any such unquestionable and im- 
mediate certainty as we have of the states of conscious- 
ness which we consider to be their effects. They are not 
immediately observed facts, but results of the application 
of the law of causation to those facts. Strictly speaking, 
the existence of a " self" and of a "not-self" arc hypo- 
theses by which we account for the facts of consciousness. 
They stand upon the same footing as the belief in the 
general trustworthiness of memory, and in the general 
constancy of the order of nature — as hypothetical 
assumptions which cannot be proved, or known with 
that highest degree of certainty which is given by im- 
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inediiiti? coasciousnesa ; but which, nevertheless, ai-e of 
the highest practical value, inasmueh as the conclu- 
sions logically drawn from them are always verified 
by experience. 

This, in my judgment, is the ultimate issue of Descarte^ 
argument ; but it is proper for me to point out that we 
have left Descartes himself some way behind us. He 
stopped at the famous formula, " I think, therefore I am.' 
But a little consideration will show this formula to be 
full of snares and verbal entanglements. In the firsts 
place, the "therefore" has no business there. The "I 
am" is assumed in the " I think," which is simply another 
way of saying "I am thinking." And, in the second 
place, " I think " is not one simple proposition, but three 
distinct assertions roUed into one. The first of these is, 
"something called I exists ;" the second is, " something 
called thought exists;" and the third is, " the thought is 
the result of the action of the I." 

Now, it will be obvious to you, that the only one of 
these three propositions which can stand the Cartesian 
test of certainty is the second. It cannot be doubted, 
for the very doubt is an existent thought. But the first 
and thu-d, whether true or not, may be doubted, and 
have been doubted. For the aasertor may be asked, 
How do you know that thought is not self-existent; or 
that a given thought is not the effect of its antecedait 
thought, or of some external power 1 And a diversity of' 
other questions, much more easily put than answered. 
Descartes, determined as he was to strip off all the gar- 
ments which the intellect weaves for itself, forgot thia 
gossamer shirt of the "self;" to the great detriment 
and indeed ruin, of hia toilet when be began to dothe" 
himself again. 

But it is beside my purpose to dwell upon the minor 
peculiarities of the Cartesian philosopliy. All I wish to 
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put clearly before your minds thus far, is that Descartes, 
having commenced by declaring doubt to be a duty, 
found certainty in consciousness alone ; and that the 
Decessary outcome of his views is what may properly be 
termed Idealism; namely, the doctrine that, whatever 
the universe may be, all we can know of it is the picture 
presented to us by consciousness. This picture may be 
a true likeness — though how this can be is inconceiv- 
able ; or it may have no more resemblance to its cause 
than one of Bach's fugues has to the person who is 
playing it ; or than a piece of poetry has to the mouth 
and lips of a reciter. It is enough for all the practical 
purposes of human existence if we find that our trust in 
the representations of consciousness is verified by results ; 
and that, by their help, we are enabled " to walk suro- 
footedly in this life." 

Thus the method, or path which loads to truth, indi- 
cated by Descartes, takes us straight to the Critical 
Idealism of his great successor Kant. It is that Idealism 
which declares the ultimate fact of all knowledfje to be a 
consciousness, or, in other words, a mental phcenomenon ; 
and therefore aflSrms the highest of all certainties, and 
indeed the only absolute certainty, to be the existence of 
mind. But it is also that Idealism which refuses to 
make any assertions, either positive or negative, as to 
what lies beyond consciousness. It accuses the subtle 
Berkeley of stepping beyond the limits of knowledge 
when he declared that a substance of matter does not 
exist ; and of illogicality, for not seeing that the ar- 
guments which he supposed demolished the existence 
of matter were equally destructive to the existence 
of soul. And it refuses to listen to the jargon of 
more recent days about the " Absolute/' and all the 
other hypostatized adjectives, the initial letters of 
the names of which are generally printed in capital 
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letters; just as you give a Grenadier a bearskin cap, to 
make him look more formidable than he is by nature. 

I repeat, the path indicated and followed by Descartes 
which we have hitherto been treading, leads through 
doubt to that critical Idealism which lies at the he^ 
of modem metaphysical thought. But the "Discourse" 
shows us another, and apparently very different, path, 
which leads, quite as definitely, to that correlation of all 
the phenomena of the universe with matter and motion, 
whicJi lies at the heart of modem physical thought, and 
which most people call Materialism. 

The early part of the seventeenth century, when Des- 
cartes reached manhood, is one of the great epochs of the 
intellectual life of mankind. At that time, physical 
science suddenly strode into the arena of public and 
familiar thought, and openly challenged, not only Philo- 
sophy and the Church, but that common ignorance 
which passes by the name of Common Sense. The asser- 
tion of the motion of the earth was a defiance to all 
three, and Physical Science threw down her glove by the 
hand of Galileo. 

It is not pleasant to think of the immediate result of 
the combat ; to see the champion of science, old, worn, 
and on his knees before the Cardinal Inquisitor, signing 
his name to what he knew to be a lie. And, no doubt, 
the Cardinals rubbed their hands as they thought how 
well they had silenced and discredited tiieir adversary. 
But two hundred years have passed, and however feeble ' 
or faulty her soldiers. Physical Science sits crowned and 
enthroned as one of the legitimate rulers of the world, 
of thought. Charity children would be ashamed not to 
know that the earth moves; while the Schoolmen are 
forgotten ; and the Cardinals — well, the Cardinals are at. 
the CEcumenical Council, still at their old business of 
trying to stop the movement of the world. 
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As a ship, which having lain becalmed with every 
stitch of canvas set, bounds away before the breeze 
which springs up astem, so the mind of Descartes, poised 
in equUibrium of doubt, not only yielded to the full force 
of the impulse towards physical science and physical 
ways of fliought, given by his great contemporaries, 

I Galileo and Harvey, but shot beyond them ; and antici- 
pated, by bold speculation, the conclusions, which could 
only be placed upon a secure foundation by the labours 
of generations of workers. 
Descartes saw that the discoveries of Galileo meant 

I that the remotest parts of the universe were governed by 
mechanical laws ; while those of Harvey meant that the 
same laws presided over the operations of that portion of 
the world which is nearest to us, namely, our own bodUy 
frame. And crossing the interval between the centre 
and its vast circumference by one of the great strides of 
genius, Descartes sought to resolve all the phsenomena of 
Sie universe into matter and motion, or forces operating 
according to law.^ This grand conception, which is 
sketched in the "Discours," and more fully developed 
in the " Principes " and in the " Traite de THomme,'' he 
worked out with extraordinary power and knowledge; 
and with the effect of arriving, in the last-named essay, 
at that purely mechanical view of vital phaenomena 
towards which modem physiology is striving. 

Let us try to understand how Descartes got into this 
path, and why it led him where it did. The mechanLim 
of the circulation of the blood had evidently taken a 
great hold of his mind, as he describes it several times, 
at much length. After giving a full account of it in the 

1 ''An milien de toutes ses errenrs, il ne fant pas meconnaitre une rrncDde 
id^ qui consiste k aroir tente pour la premiere fois de ramener tous les 
Ij^i^omtoes natnrels k n'^tre qu'on simple develloi^pement des lois tie la 
m^caniqae,'' is the weighty jnd^fment of Blot, cited by Bouillier (HUtcire de 
la I^hiw9ophU Cartitienne^ t. L p. 196). 
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"Diseourae," and erroneously describing the motion of 
the blood, not to the contraction of the walla of the 
heart, but to the heat which he supposes to be generated 
there, he adds : — 

" This motion, which T have just explained, is aa much the necsBSBij 
result of the structure of the parts which one can see in the heart, and 
of tha heat which one may feel there with one's fingers, and of the 
nature of the blood., whiuh may be experimentally ascertained; as 
that of a clock of the force, the situation, and the figure, of its weight 
and of its wheels." 

But if this apparently vital operation were explicable 
as a simple mechanism, might not other vital operations 
be reducible to the same category 1 Descartes replies 
without hesitation in the affirmative. 

"The animal spirits," says he, "resemble a very subtle fluid, 
very pure and vivid flame, and are continually generated in the heart, 
and ascend to the brain as to a sort of reservoir. Hence they pass 
into the nerves and are distributed to the muscles, causing contraction, 
or relaxation, according to their quantity," 

Thus, according to Descartes, the animal body is an 
automaton, which is competent to perform aU the animal 
functions in exactly the same way as a clock or any other 
piece of mechanism. As he puts the case himself : — 

" In proportion aa these spirits [the animal spirits] enter tha cavities 
of the brain, they pass thence into the pores of its siibstance, and from 
these pores into the neivca ; where, according aa they enter, or evea 
only tend to enter, more or less, into one than into another, they havQ 
the power of altering the figure of the muscles into which the necres- 
are inserted, and by this means of causing all the limbs to more. 
Thus, as you may have seen in the grottoes and the fountains in toyal 
gardens, the force with which the water issues from its reservoir is 
sufficient to move various machines, and even to make them play 
instruments, or pronounce words according to the different dispoaitioii 
of the pipes which lead the water, 

"And, in truth, the nerves of tha machine which I am describing may 
very well be compared to the pipes of these waterworks ; its musdeB 
and its tendons to the other various engines and springs which, seem to 
move them ; its animal spirits to the water which impels them, of 
which the heart is the fountain; while the cavities of the brain are 
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the central office. Moreover, respiration and other sncli actions as are 
natural and usual in the hody, and which depend on the course of the 
spirits, are like the movements of a clock, or of a mill, which may be 
kept up by the ordinary flow of the water. 

" The extenuil objects which, by their mere presence, act upon the 
organs of the senses ; and which, by this means, determine the cor- 
poral machine to move in many different ways, according as the parts 
of the brain are arranged, are like the strangers who, entering into 
some of the grottoes of these waterworks, unconsciously cause the 
movements which take place in their presence. For they cannot enter 
without treading upon certain planks so arraii^i^ed that, for example, if 
they approach a bathing Diana, they cause her to hide among the 
reeds; and if they attempt to follow her, they see approaching a 
IK^eptune, who threatens them with his trident ; or if they try some 
other way, they cause some monster who vomits water into their 
faces, to dart out ; or like contrivances, according to the fancy of the 
engineers who have made them. And lastly, when the rational soul is 
lodged in this machine, it will have its principal seat in the brain, and 
will take the place of the engineer, who ought to be in that part oi 
the works with which all the pipes are connected, w^hen he wishes to 
increase, or to slacken, or in some way to alter, their movements." ^ 

And again still more strongly : — 

** All the functions which I have attributed to this machine (the 
body), as the digestion of food, the pulsation of the heart and of 
the arteries ; the nutrition and the growth of the limbs ; resj)iration, 
wakefulness, and sleep ; the reception of light, soimds, odours, flavours, 
heat, and such like qualities, in the organs of the external senses ; the 
impression of the ideas of tliese in the organ of common sense and in 
the imagination ; the retention, or the impression, of tliese ideas on the 
memory ; the internal movements of the appetites and the passions ; 
and lastly, the external movements of all the limbs, whicli follow so 
aptly, as well the action of the objects which are presented to the 
senses, as the impressions which meet in the memory, that they 
imitate as nearly as possible those of a real man \^ I desire, I say, 
that you should consider that these functions in the machine naturally 
proceed from the mere arrangement of its organs,, neither more nor 
less than do the movements of a clock, or other automaton, from that 

* "Traite de rHomme" (Cousin's Edition), p. 347. 

* Descartes pretends that he docs not apply his views to the human bo'ly, 
but only to an rniaginaiy machine which, if it could be constructed, would do 
all that the human body does ; throwing a sop to Cerberus unworthily ; and 
uselessly, because Cerberus was by no means stupid enough to swallow it. 



of its weights and its wheels ; so that, so far as these are concerned, it 
is no necessary to conceive any other veijotative or sensitive soul, nor 
any other principle of motion, or of life, than the blood and the spirits 
agitated by the fite which hums continually in the heart, and which 
is no wise easentially different from all the fires which exist in inani- 
mate bodies." ' 

The spirit of these passages is exactly that of the 
most advanced physiology of the present day ; all that 
is necessary to make them coincide with our present 
physiology in form, is to represent the details of the 
working of the animal machinery in modem language, 
and by the aid of modern conceptions. _, 

Most undoubtedly, the digestion of food in the himian 
body is a purely diemieal process ; and the passage of 
the nutritive ports of that food into the blood, a physical 
operation. Beyond all question, the circulation of the 
blood ia simply a matter of mechanism, and results from 
the structure and arrangement of the parts of the heart 
and vessels, from the contractility of those organs, and 
from the regulation of that contnictility by an automa- 
tically acting nervous apparatus. The progress of phy- 
siology has further shown, that the contractility of the 
muscles and the urritability of the nerves are purely the 
results of the molecular mechanism of those organs ; and 
that the regular movements of the respiratory, ali- 
mentary, and other internal organs are governed and 
gaided, as mechanically, by their appropriate nervous 
centres. The even rhythm of the breathing of every one 
of us depends upon the structural integrity of a particular 
region of the medulla oblongata, as much as the ticking 
of a clock depends upon the integrity of the escapeiuent 
Ton may take away the hands of a clock and break up its 
striking machinery, but it vrill still tick ; and a man may 
be unable to feel, speak, or move, and yet he will breathe. 

Again, in entire accordance with Descartes' affirmation, 
^ "Traits de I'Homme," p. 427. 
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it is certain that the modes of motion which constitute 
the physical basis of light, sound, and heat, are trans- 
muted into ajftections of nervous matter by the sensory 
organs. These Sections are, so to speak, a kind of 
physical ideas, which are retained in the central organs, 
constituting what might be called physical memory, and 
may be combined in a manner which answers to associa- 
tion and imagination, or may give rise to muscular 
contractions, in those ** reflex actions" which are the 
mechanical representatives of volitions. 

Consider what happens when a blow is aimed at the 
eye.^ Instantly, and without our knowledge or will, and 
even against the will, the eyelids close. AVhat is it that 
happens ? A picture of the rapidly advancing fist is 
made upon the retina at the back of the eye. The retina 
changes this picture into an afiection of a number of the 
fibres of the optic nerve ; the fibres of the optic nerve 
affect certain parts of the brain ; the brain, in consequence, 
affects those particular fibres of the seventh nerve which 
go to the orbicular muscle of the eyelids ; the change in 
diese nerve-fibres causes the muscular fibres to change 
their dimensions, so as to become shorter and broader ; 
and the result is the closing of the slit bet^\'een the two 
lids, round which these fibres are disposed. Here is a 
pure mechanism, giving rise to a purposive action, and 
strictly comparable to that by which Descartes supposes 
his waterwork Diana to be moved. But we may go 
further, and inquire whether our volition, in what we term 
voluntary action, ever plays any other part than that of 
Descartes' engineer, sitting in his oflBce, and turning this 
tap or the other, as he wishes to set one or another 
machine in motion, but exercising no direct influence 
upon the movements of the whole. 

Our volimtary acts consist of two parts : firstly, we 

^ Compan ^Tzait^ des Passions," Art XIII. and XVL 



desire to perform a certain action ; and, secondly, we some- 
how" set a-<:;oing a machinery which does what we desire. 
But so little do we directly influence that machinery, 
that nine-tenths of us do not even know its existence. 

Suppose one wills to raise one's arm and whirl it round. 
Nothing is easier. But the majority of ua do not know 
that nerves and muscles are concerned in this process ; 
and the best anatomist amoug ua would be amazingly 
perplexed, if he were called upon to direct the succession, 
and the relative strength, of the multitudinous nerve- 
changes, which are the actual causes of this very simple 
operation. 

So again in speaking. How many of us know that the 
voice is produced in the larynx, and modified by the 
mouth 1 How many among these instructed persona 
understand how the voice is produced and modified? 
And what living man, if he had unlimited control over all 
the nerves supplying the mouth and larynx of another 
person, could make him pronounce a sentence ? Yet, if 
one has anything to say, what is easier than to say it ? 
We desire the utterance of certain words : we touch the 
spring of the word-machine, and they are spoken. Just 
as Descartes' engineer, when he wanted a particular hy- 
draulic machine to play, had only to turn a tap, and what 
he wished was done. It is because the body is a ma- 
chine that education is possible. Education is the forma- 
tion of habits, a superinducing of an artificial organization.' 
upon the natural organization of the body ; so that acts, 
which at first required a conscious elibrt, eventually 
became unconscious and mechanical K the act which 
primarily requires a distinct conseiouenesa and volition 
of its details, always needed the same efibrt, education 
would be an impossibility. 

According to Descartes, then. a.U the functions which 
are common to man and animals are performed by the 
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body as a mere mechanism, and he looks upon conscious- 
ness as the peculiar distinction of the "chose pensante," 
of the "rational soul," which in man (and in man 
only, in Descartes' opinion) is superadded to the body. 
This rational soul he conceived to be lodged in the 
pineal gland, as in a sort of centra] office ; and, here, by 
the intennediation of the animal spirits, it became aware 
of what was going on in the body, or influenced the 
operations of the body. Modem physiologists do not 
ascribe so exalted a function to the little pineal gland, but, 
in a vague sort of way, they adopt Descartes' principle, 
and suppose that the soul is lodged in the cortical part 
of the brain — at least this is commonly regarded as the 
seat and instrument of consciousness. 

Descartes has clearly stated what he conceived to be 
the difference between spirit and matter. Matter is sub- 
stance which baa extension, but does not think ; spirit is 
substance which thinks, but has no extension. It is very 
Lard to form a definite notion of what this phraseology 
means, when it is taken in connexion with the location 
of the soul in the pineal gland ; and I can only represent 
it to myself as signifying that the soul is a mathematical 
point, having place but not extension, within the limits 
of the pineal gland. Not only has it place, but it must 
exert force ; for, according to the hypothesis, it is com- 
petent, when it wills, to change the course of the animal 
spirits, which consist of matter in motion. Thus the 
soul becomes a centre of force. But, at the same time, 
the distinction between spirit and matter vanishes ; inas- 
much as matter, according to a tenable hypothesis, may 
be nothing but a multitude of centres of force. The 
case is worse if we adopt the modern vague notion that 
consciousness is seated in the grey matter of the cere- 
brum, generally ; for, as the grey matter has extension, 
that which is lodged in it must also have extension. 
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And thus we are led, in another way, to lose spirit 
in matter. 

In truth, Descartes' physiology, like the modem phya- 
ology of which it anticipates the spirit, leads straight ta 
MateriaHsm, so far as that title is rightly applicable to the 
doctrine that we have no knowledge of any thinkiiig sub- 
stance, apart from extended substance ; and that thought 
is as much a function of matter as motion ia Thus we 
arrive at the singular result that, of the two paths opened 
up to us in the " Discourse upon Method," the one 
leads, by way of Berkeley and Hume, to Kant and 
Idealism ; while the other leads, by way of De La 
Mettrie and Priestley, to modem physiology and Mate- 
rialism/ Our stem divides into two main brancheSj 
which grow in opposite ways, and bear flowera which 
look as different as they can well be. But each branch 
is sound and healthy, and has as much life and vigoiiE 
as the other. 

If a botanist found this state of things in a new plant, 
I imagine that he might be inclined to think that his tree 
was monoecious — that the flowers were of different sexes, 
and that, so far fi'om setting up a barrier between thft 
two branches of the tree, the only hope of fertihty lay in. 
bringing them together. I may be taking too much of m 
naturalist's view of the case, but I must confess that this 
ia exactly my notion of what is to be done with meta- 
physics and physics. Their differences are comple- 
mentary, not antagonistic ; and thought will never be 
(completely fruitful until the one unites with the other. 

' Eoulllier, into whose excellent " History of the Cartesian Philosophy 
Ihai] not looked when this p:issago was written, auya, very justly, thatDesoarMB, 
" a merits le titce de p^re de la physique, aiisai bieit que celui deptre de 1»: 
metaphyaique modeme " (t. i. p. 197). See abo Kuno Fischert " Gescluohte' 
dec neuen Philoaophie," Bd. L ; and the very remarkable work of lAi]g% 
" Qeschichte dea MaterialiEinus.'' — A good translatioD of the latter vonld M' 
a great semG« to philosophy in EiiglamL 
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Let me try to explain what I mean. I hold, with the 
Materialist, that the human body, like all living bodies, 
is a machine, all the operations of which will, sooner or 
later, be explained on physical principles. I believe that 
we shall, sooner or later, arrive at a mechanical equivalent 
of consciousness, just as we h?.ve arrived at a mechanical 
equivalent of heat. If a pound weight falling through a 
distance of a foot gives rise to a definite amount of heat, 
which may properly be said to be its equivalent ; the same 
pound weight falling through a foot on a man's hand gives 
rise to a definite amount of feeling, which miglit with equal 
propriety be said to be its equivalent in consciousness.^ 
And as we already know that there is a certain parity 
between the intensity of a pain and the strength of one's 
desire to get rid of that pain ; and secondly, that there 
is a certain correspondence between the intensity of the 
heat, or mechanical violence, which gives rise to the pain, 
and the pain itself; the possibility of the establishment 
of a correlation between mechanical force and volition 
becomes apparent. And the same conclusion is sug- 
gested by the fact that, within certain limits, the inten- 
sity of the mechanical force we exert is proportioned to 
the intensity of our desire to exert it. 

Thus I am prepared to go with the Materialists wher- 
ever the true pursuit of the path of Descartes may lead 
them ; and I am glad, on all occasions, to declare my 
belief that their fearless development of the materialistic 
aspect of these matters has had an immense, and a most 
beneficial, influence upon physiology and psychology. 
Nay more, when they go farther than I think they are 
entitled to do^when they introduce Calvinism into 

* For all the qualifications vhich need to be made here, I refer the render 
to the thorough discussion of the nature of the relation between nerve-aciiot 
and consciousness in Mr. Herbert Spencer's "Principles of Psychoioi^'y,* 
p. 115 et s/if. 
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science and declare tliat man is iiotliin(:r but a machine, 
I do not see any particular harm in their doctrines, so 
long as tliey admit that which is a matter of esperi'* 
mentiil fact— namely, that it is a machine capable d 
adjusting itself within certain limits. 

I protest that if some gi'cat Power would ^ree to 
make me always think what is true and do what la rightj 
on condition of being turned into a sort of clock and 
wound up every morning before I got out of bed, I 
should instantly close with the offer. The only freedom 
I care about is the freedom to do right ; the freedom to 
do wrong I am ready to part with on the cheapest terms 
to any one who will take it of me. But when the Ma- 
terialists stray beyond the borders of tlieir path and 
begin to talk about there being nothing else in the 
univerae but Matter and Force and Necessary LawB, 
and all the rest of their "grenadiers," I decline to 
follow them. I go back to the point from which w* 
started, and to the other path of Descaites, I remind> 
you that we have already seen clearly and distinctly, 
and in a manner which admits of no doubt, that all ou| 
knowledge is a knowledge of states of consciousness. 
" Matter " and " Force " are, so far as we can know, mere: 
names for certain forms of consciousness. "Necessary* 
means that of which we cannot conceive the contrary. 
"Law" means a rule which wc have always found to hol<" 
good, and which we expect always will hold good. Tho 
.* is an indisputable truth that what we call the materia 
world is only known to us under the forms of the idea£ 
world ; and, as Descartes ttUs us, our knowledge of the 
soul is more intimate and certain than our knowledge of 
the body. If I say that impenetrabiUty is a properly c^ 
matter, all that I can really mean is that the conscioua- 
ness I call extension, and the consciousness I call resisbr 
ance, constantly aceompiny one another. Why and 
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how they are thus related is a mystery. And if I say 
that thought is a property of matter, all that I can mean 
is that, actually or possibly, the consciousness of exten- 
sion and that of resistance accompany all other sorts of 
consciousness. But, as in the former case, Tvhy they are 
thus associated is an insoluble mystery. 

From all this it follows that what I may term legiti- 
mate materialism, that is, the extension of the conceptions 
and of the methods of physical science to the highest as 
well as the lowest phsenomena of vitality, is neither more 
nor less than a sort of shorthand Idealism; and Des- 
cartes' two paths meet at the summit of the mountain, 
though they set out on opposite sides of it. 

The reconciliation of physics and metaphysics lies in 
the acknowledgment of faults upon both sides ; in the 
confession by physics that all the phsenomena of nature 
are, in their ultimate analysis, known to us only as facts 
of consciousness ; in the admission by metaphysics, that 
the facts of consciousness are, practically, interpretable 
only by the methods and the formulae of physics : and, 
finally, in the observance by both metaphysical and 
physical thinkers of Descartes' maxim — assent to no 
proposition the matter of which is not so clear and 
distinct that it cannot be doubted. 

When you did me the honour to ask me to deliver this 
address, I confess I was perplexed what topic to select. 
For you are emphatically and distinctly a Christian 
\)ody ; whUe science and philoj^ophy, within the range 
of which lie aU the topics on which I could venture 
to speak, are neither Christian, nor Unchristian, but are 
Extrachristian, and have a world of their own, which, to 
use language which will be very familiar to your ears just 
now, is not only **unsectarian," but is altogether "secular." 
The arguments which I have put before you to-night, for 
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example, are not inconsistent, so far as I know, with any 
form of tlieology. 

After much consideration, I thought that I might be 
most useful to you, if I attempted to give you some vision 
of this Extrachristian world, as it appears to a person who 
lives a good deal in it ; and if I tried to show you by 
what methods the dwellers therein try to distinguish 
truth from falsehood, in regard to some of the deepest 
and most difficult problems that beset humanity, **in 
order to be clear about their actions, and to walk sure- 
footedly in this life," as Descartes says. 

It struck me that if the execution of my project catoe 
anywhere near the conception of it, you would become 
aware that the philosophers and the men of science are 
not exactly what they are sometimes represented to you 
to be ; and that their methods and paths do not lead so 
perpendicularly downwards as you are occasionally told 
they do. And I must admit, also, that a particular and 
personal motive weighed with me, — namely, the desire to 
show that a certain discourse, which brought a great 
storm about my head some time ago, contained nothing 
but the ultimate development of the views of the father 
of modern philosophy. I do not know if I have been 
quite wise in allowing this last motive to weigh with me. 
They say that the most dangerous thing one can do in a 
thunderstorm is to shelter oneself under a great tree, and 
the history of Descartes' life shows how narrowly he 
escaped being riven by the lightnings, which were more 
destructive in his time than in ours. 

Descartes lived and died a good Catholic, and prided 
himself upon having demonstrated the existence of God 
and of the soul of man. As a reward for his exertions, 
his old friends the Jesuits put his works upon the 
" Index," and called him an Atheist ; while the Pro- 
testant divines of Holland declared him to be both a 
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Jesuit and an Atheist. His books narrowly escaped 
being burned by the hangman ; the fate of Vanini was 
dangled before his eyes ; and the misfortunes of Galileo 
so alarmed him, that he well-nigh renounced the pur- 
suits by which the world has so greatly benefited, and 
was driven into subterfuges and evasions which were not 
worthy of him. 

"Very cowardly," you may say; and so it was. 
But you must make allowance for the fixct that, in the 
seventeenth century, not only did heresy mean possible 
burning, or imprisonment, but the very suspicion of it 
destroyed a man's peace, and rendered the calm pursuit 
of truth difficult or impossible. I fancy that Descartes 
was a man to care more about being worried and dis- 
turbed, than about being burned outright ; and, like 
many other men, sacrificed for the sake of peace and 
quietness, what he would have stubbornly maintained 
against downright violence. 

However this may be, let those who are sure they would 
have done better throw stones at him. I have no feelings 
but those of gratitude and reverence for the man who did 
what he did, when he did ; and a bort of shame that any 
one should repine against taking a fair share of such 
treatment as the world thought good enough for him. 

Finally, it occurs to me that, such being my feeling 
about the n^atter, it may be useful to all of us if I 
ask you, "What is yours? Do you think that the 
Christianity of the seventeenth century looks nobler and 
more attractive for such treatment of such a man ?" You 
will hardly reply that it does. But if it does not, may it 
not be well if all of you do what lies within your power 
to prevent the Christianity of the nineteenth century 
from repeating the scandal / 

There are one or two living men, who, a couple of 
centuries hence, wiU be remembered as Descartes is now. 



because they have produced great thoughts which will 
live and grow as long as mankind lasts. 

If the twenty-first century studies their history, it will 
find that the Christianity of the middle of the nineteenth 
century recognised them only as objects of vilification. 
It is for you and such as you, Christian young men, to 
say whether this shall be as true of the Christianity of 
the future as it is of that of the present. I appeal to you 
to say " No," in your own interest, and in that of the 
Christianity you profess. 

In the interest of Science, no appeal is needful ; aa 
Dante sings of Fortune — 

" Quest' h colei, ch'i tanto poata in crnoo 

Pur da color, ehe ie dovrian dat loda 

Dandole biaamo a totto e mala voce. 

Ma ella a' b beata, e cib non ode : 

Con 1' altre prime creature lieta 

Volve sua spera, e beata si gode ; "^' 

so, whatever evil voices may rage. Science, secure among 
the powers that are eternal, will do her work and be 



"And thia ia she who's put on crosa bo much, 
Even by tiem who ought to give her praise, 
Glring her wrongly iU repute and hlame. 
Bat die ia blessed, and she hears not this : 
She, with the other primal creatureB, glad 
BeyolTea her sphere, and blessed joys herself." 

Inferno, TiL 90—93 (W. M. Bossetti's llranslatJoiOi 
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SECTION I. 

HISTORY, BIOGRAPHY, and TRAVELS. 
Baker (Sir Samuel \V.).— the nile tributaries of 

ABYSSINIA, and the Sword Hunters of the Hamran Arabs. 
By Sir Samuel W. Baker, M.A., F.R.G.S. With Maps and 
Illustrations. Fourth and Cheaper Edition. Crown 8vo. 6j. 

Sir Samuel Baker here describes twelve mouths^ exploration, during 
which he examined the rivers that are tributary to t/ie Nile from Abyssinia , 
including the Atbara, Settitc, Royan, Salaam, Angrab, RaJiad, Binder, 
and the Blue Nile, 77ie interest attached to these portions of Africa differs 
entirely from that of the White Nile regions, as the whole of Upper Egypt 
aiui Abyssinia is capable of development, and is inhabited by races having 
some degree of civilization; while Central Africa is peopled by a race of 
savages, whose future is more problematical. 

THE ALBERT N'YANZA Great Basin of the Nile, and Explo- 
ration of the Nile Sources. New and Cheaper Edition, with 
Portraits, Maps, and Illustrations. Two vols, crown 8vo. i6j. 

^^ Bruce won the source of the Blue Nile; Speke aiui Grant won the 
Victoria source of the great White Nile; and I have been permitted to 
A. I. A 
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Baker (Sir Samuel \V.) (continued)— 

ucceed in completing the Nile Sources by the discovery of the great 
reservoir of the equatorial waters y the Albert Nyanza^ from which the 
river issues as the entire White Nile^ — Preface. 

NEW AND CHEAP EDITION OF THE ALBERT N'YANZA. 
I vol. crown 8yo. With Maps and Illustrations. 7j. 6</. 

Barker (Lady).— station life in new Zealand. 

By Lady Barker. Second and Cheaper Edition. Globe 8vo. 
3J. dd^ 

" These letters are the exact account of a lady's experience of the brighter 
and less practical side of colonization. They record the expeditions^ ad- 
ventures ^ and emergencies diversifying the daily life of the wife of a New 
Zealand sheep farmer ; and, as each was written while the novelty and 
excitement of the scenes it describes were fresh upon her^ they may succeed 
in giving here in England an adequate impression of the delight and free- 
dom of an existence so far removed from our own highly -wrought civiliza- 
tion,^' — Preface. 

" We have never read a more truthful or a pleasanter little book,'''' 

ATHENiEUM. 

Baxter (R. Dudley, M.A.).— the taxation of the 

united kingdom. By R. Dudley Baxter, M.A. . 8vo. 
cloth, 4r. dd. 

The First Part of this work, originally read before the Statistical 
Society of London, deals with the Amount of Taxation ; the Second Part, 
which now constitutes the main portion of the work, is almost entirely new, 
and embraces the important questions of Rating, of the relative Taxation 
of Land, Personalty, and Iftdustry, and of the direct ejfect of Taxes upon 
Prices, The author trusts that the body of facts here collected may be of 
permanetit value as a record of the past progress and present condition of 
the population of the United Kingdom, independently of the transitory 
cireumstances of its present Taxation, 

national income. With Coloured Diagrams. 8vo. y. 6d. 

Part I. — Classification of the Population, Upper, Middle, and labour 
Classes. II. — Income of the United Kingdom. 

A painstaking and certainly most interesting inquiry,'''''- — Pall Mall 
Gazette. 
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Bernard.— FOUR lectures on subjects connected 

WITH diplomacy. By Mountague Bernard, M.A., 
Chichele Professor of International Law and Diplomacy, Oxford. 
8vo. gs. 

Four Lectures, dealing with (i) The Congress of Westphalia; (2) Syste7)is 
of Policy ; (3) Diplomacy, Past and Present ; (4) TJie Obligations of 
Treaties, 

Blake.— THE life of william blake, the artist. 

By Alexander Gilchrist. With numerous Illustrations from 
Blake's designs, and Fac-similes of his studies of the " Book of 
Job." Medium 8vo. half morocco, i8j. 

These volumes contain a Life of Blake ; Selections from his Writings^ 
including Poems ; Letters ;' A nnotated Catalogue of Pictures and Drawings, 
List, with occasional notes, of Blakis Engravings and Writings. There 
are appended Engraved Designs by Blake ; (i) The Book of Job, twenty- 
one photO'lithographs from the originals ; (2) Songs of Innocence and 
Experience, sixteen of the original Plates, 

Blanford (W. T.).— geology and zoology of 

ABYSSINIA. By W. T. Blanford. 8vo. 2\s. 

This ivork contains an account of the Geological and Zoological 
Observations made by the Author in Abyssinia, when accompanying the 
British Army on its march to'Magdala and back in 1868, and during a 
short journey in Northern Abyssinia, after the departure of the troops. 
Parti, Personal Narrative; Part\II. Geology ; Part III. Zoology. 
With Coloured Illustrations and Geological Map. 

Bright (John, M. P.).— SPEECHES ON QUESTIONS OF 
PUBLIC POLICY. By the Right Hon. John Bright, M. P. 
Edited by Professor Thorold Rogers. Two vols. 8vo. 25 j. 
Second Edition, with Portrait. 

** / have divided the Speeches contained in these volumes into groups. 
The materials for selection are so abundant, that I have been constraifiea 
to omit many a speech which is worthy of careful perusal, I hare 
naturally given prominence to those subjects with which Mr, Bright has 
been especially identified, as, for example, India, America, Ireland, an,: 
Parliamentary Reform. But nearly every topic of great public intctcst en 
which Mr. Bright has spoken is represented in these volumes^ 

Editor's Preface. 



Bright (John. M.P.) {^ntiauni)— 

AUTHOR'SPOPULAREDITION. Extra fcap. Svo, doth. Second 
Edition, y. ed. 

Bryce. — THE HOLY ROMAN EMPIRE. By James Bryce, 
B.C.L., Regius Professor of Civil Law, Oxford. New and Re- 
vised Edition. Crown Svo. 7j. W. 

CHATTERTON : A Biograpliicat Study. By Daniel Wilsos, 
LL.D., Professor of History and Englisli Literature in University 
Collie, Toronto. Crown 8vo. 6/. &/. 
7^ Author icTC regards CkalUrtan as a Pod, net as a mere " reseiier 

aiiddtjacer of stolen literary treasures." Resiewed in this light, be has 

found much in the eMmaierials capable of being tuniollo tuna acanml; 

and to these Btaterials rissarch in various dirKtiens has enabled him to 

make some addUiens. 

Clay.— THE PRISON CHAPLAIN. A Memoir of the Rev. John 
Clay, B.D., late Chaplain of the Preston GaoL With Selections 
from his Reports and Correspondence, and a Sketch of Prison 
Discipline in England. By his Son, the Rev. W. L. Clay, M-A. 
Svo. 15J. 
" Few hooks have appeared of lait years better enttUed to an atlentiz-e 

perusal. . . . It presents a tomplete narrating 0/ all that has ban dont and 

atieniptedby various philanthropist! far the amelioration oj the condition and 

the itnpranaiieni gf the morals of the criminal classes in the British 

dasiiniens." — LONDON ReViKW. 

Cobdcn.— SPEECHES on questions of public 

POLICY. By Richard Cobden. Edited by the Right Hoc. 

Joii\ Bright, M.P, andProfessorRoGEKS. Twovols.8vo. With 

Portrait. (Uniform with Bhicht's Speeches.) 

The Speeches contain^ in these two volumes have been selected and 

edited at the ifislance of t/ie Cobden Club. They form an impoiiattt part 

of that collective contribution to iolitieal science whiik has conferred en 

their author so vast a refiulalion. 

Cooper. — ATHENE CANTABRIGIENSES. By Chakles 

Henry Cooper, F.S.A., and Thompson Cooper, F.S.A. 

VoL I. 8vo., 1500—85, l8f. ; Vol. II„ 1586—1609, i&r. 

This elaborate tucrh, ivhich is delitalcd by permission to Lord Macaulay^ 

contains lives of the eminent men sent forth by Cambridge, after the 

fashion aj Anthony h Wood, in hssj^mous" Athena Oxonieiues." 
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Cox (G. v., M.A.).— RECOLLECTIONS OF OXFORD. 
By G. V. Cox, M.A., New College, Late Esquire Bedel and 
Coroner in the University of Oxford. Second Edition. Crown 8vo. 
los. 6d, 

**An at/iusin^ farrsigo of ctnecdotey and will pleasantly recall in many 
a country parsonage the memory of youthful days" — ^Times. 

'•Daily News."— the war correspondence of 

THE DAILY NEWS, 1870. Edited, with Notes and Com- 
ments, forming a Continuous Narrative of the War between 
Germany and France. With Maps. Third Edition, revised. 
Crown 8vo. 7j. (id. 

This volume brings before the public in a convenient and portable form ' 
tlu record of the momentous events which have marked the laU six months 
of iSyo. 

The special value of letters from camps and battle-fields consists in the 
vividness with which they reproduce the life and spirit of the scenes and 
transactions in the midst of which they are written. In the letters which 
have appeared in the Daily News since the Franco-Prussian War, the 
public has recognized this quality as present in an eminettt degree. 

The book begins with a chronology of the war from yaly 4/^, when tJie 
French government called out the army reserves, to December 4/^ ; the 
dctailes of the campaign are illustrated by four maps representing — i. The 
battles of Weissenburg and Worth. 2. The battles of Saatbriicken anct 
Speiecheren. 3. TJie battle-field before Sedan. 4. A plan of Metz and its 
vicinity. 

THE WAR CORRESPONDENCE OF THE DAILY NEWS 
continued to the Peace. Edited, with Notes and Comments. 
Second Edition, Crown 8vo. with Map, 7^. 6d, 

Dicey (Edward). — the morning land. By Edward 
Dicey. Two vols, crown 8vo. i6x. 
*^An invitation to be present at the opetting of the Suez Canal was the 
immediate cause of my journey. But I made it my object also to see as 
mttch of the Morning Land, of whose marvels the canal across the 
Isthmus is only the least and latest, as time and opportunity would permit. 
The result of my observations was communicated to the journal I then 
represented, in a series of letters, which I now give to the public in a 
collected fonn.**—^\ttz,Qi from Author's Preface. 
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Dilke.-rGREATER BRITAIN. A Record of Travel in English- 
speaking Countries during 1866-7. (America, Australia, India.) 
By Sir Charles Wentworth Dilke, M.P. Fifth and Cheap 
Edition. Crown 8vo. 6j. 

" Mr. Dilke has ivrittm a book which is probably as well worth reading 
as any book of the same aims and character that ever was written. Its 
merits are that it is written in a lively and agreeable style, that it implies 
a great deal 0/ physical pluck, that no page of it fails to sho7v an acute and 
highly intelligent observer, that it stimulates the imagination as well as the 
judgment of the reader, atid that it is on perhaps the most interesting 
subject that can attract an Englishman who cares about his country ^ 

Saturday Review. 

Diirer (Albrecht). — HISTORY OF THE LIFE OF AL- 

BRECHT DURER, of Numberg. With a Translation of his 
letters and Journal, and some account of his works. By Mrs. 
Charles Heatgn. Royal 8vo. bevelled boards, extra gilt. 31J. dd. 

This work contains about Thirty Illustrations, ten of which are produc- 
iidus by the Autotype {carbon) process, and are printed in permanent tints 
by Messrs. Cundall and Fleming, under license from the Autotype Com- 
/'any. Limited ; the rest are Photographs and Woodcuts. 

EARLV EGYPTIAN HISTORY FOR THE YOUNG. See 
"Juvenile Section." 

Elliott.— LIFE OF HENRY VENN ELLIOTT, of Brighton. 
By JosiAH Bateman, M.A., Author of "Life of Daniel Wilson, 
Bishop of Calcutta," &c With Portrait, engraved by Jeens ; 
and an Appendix containing a short sketch of the life of the Rev. 
Julius Elliott (who met with accidental death while ascending the 
Schreckhom in July, 1869.) Crown 8vo. 8j. 6^. Second Edition, 
with Appendix. 

^'' A very charming piece oj religious biography; no one can read it 
-without ifoth pleasure and profit." — BRITISH Quarterly Review. 

EUROPEAN HISTORY, narrated in a Series of Historical 
Selections from the best Authorities. Edited and arranged by 
E. M. Sewell and C. M. Yonge. First Series, crown 8vo. 6s. ; 
Second Series, 1088-1228, crown 8vo. 6s. 
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When young children have acquired the outlines of history from abridg" 
ments and catechisms^ and it becomes desirable to give a more enlarged 
view of the subject^ in order to render it really useful and interesting^ a 
difficulty often arises as to the choice of books. Two courses are open, either 
to take a general and consequently dry history of facts ^ such as RusselVs 
Modern Europe^ or to choose some work treating of a particular period or 
subject^ such as the works of Macaulay and Froude, The former course 
usually reftders history uninteresting; the latter is unsatisfactory^ because 
it is not sufficientiy comprehensive. To remedy this difficulty, selections, 
continuous and chronological, have in the present volume been taken from 
the larger works of Freeman, Milman^ Palgrave^ and others, which mav 
serve as distinct landmarks of historical reading. " We kttow of scarcely 
anythingt'^ says the Guardian, of this volume, ^^ which is so likely to raise 
to a higher level the average standard of English education.^'* 

Fairfax.— A life of the great lord Fairfax, 

Commander-in-Chief of the Army of the Parliament of England. 
By Clements R. Markham, F.S.A. With Portraits, Maps, 
Plans, and Illustrations. Demy 8vo. 16^. 

No full Life of the great Parliatnentary Commander has appeared ; 
and it is here sought to produce one — based upon careful research in con- 
temporary records and upon family and other documents. 

" Highly useful to the careful student of the History of the Civil War, 
. . Probably as a militaiy chronicle Mr. Markham^s book is one 
9f the most full and accurate that lue possess about the Civil War." — 
Fortnightly Review. 

Forbes. — life of professor EDWARD FORBES, 

F.R.S. By George Wilson, M.D., F.R.S.E., and Archibald 

Geikie, F. R. S. 8vo. >vith Portrait, 14s. 

" From the first page to the last the book claims careful reading, as bang 

a full but not overcrowded rehearsal of a most instructive life, and the true 

picture of a mind that was rare in strength and beauty.^^ — Examiner. 

Freeman.— HISTORY of federal government, 

from the Foundation of the Achaian League to the Disruption of 
the United States. Bv Edward A. Freeman, M.A. Vol. L 
General Introduction, History of the Greek Federations. %yo. 

2 IX. 

** The tctsk Mr. Freeman has undertaken is one of great magmtude and 
importance. It is cUso a task of an almost enHrdy mvel character. No 
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ether 'oierk projadag to gk'i Ihi kiilory of a political prineifiU occurs io 
It!, txctft tht slight eentriiitlioni to the hhlaty of represiatlative guverii- 
mait thai is contained in a course of M. CuistH's lectures .... The 
history of the deselofimtiit of a pritttiple is at least as important as the 
history of rt dynasty, or o^n nuir." —Saturday Review. 

OLD ENGLISH HISTORY. By Edward A. Fhee.man, M.A., 

late Fellow of Trinity College, Orfori With Fh/e Coloured Mofs. 

Second Editicm extra. Fcap. Sva, half-bound. &. 

" lis object is to show that clear, acciirati, and scientific ■views of history, 

or indeed of any subject, may be easily git/en la children from the very 

first. . . I ham, I hope, shown that it is perfectly easy to Uach children, froni 

the very first, to distinguish Inte history alike from legend and jrom toilful 

invention, and also lo understand the nature of historical authorities, and 

to weigh one staienunt against another, .... I have throughout striven to 

eonnect the history oj England with the general Iiistary of civilised Europe, 

and I hose especially tried to mate the booh serve as an incentive to a more 

accurate study of historical geography. "- — Fkkface. 

HISTORY OF THE CATHEDRAL CHURCH jQF WELLS, 

as ilhistratbg the History of ihe Calheilral Churclies of Ihe Old 

Foundation. l!y Edward A. Freeman, D.CL., foroseriy Fellow 

of Trinity College, Oxford. Crown Svo. Jt. 6rf. 

•• I have here tried to treat Ike history of tie Church of WdU as a coti- 

trihulion lo Ihe general history of the Church and Kin^em of England, 

and specially to thehutory of Cathedral Churches 0/ Ihe Old Foundation. 

. . . I wish Id point on I Ihe general principles of l/ie original founders as 

Ihe model lo which Ihe Old Ftmndalions should be brought bueh, and the 

Nciv Fouadaliims reformed after their patlem."~-'PsMVhC£. 

French (George Russell). — shakspeareana 

GENEALOGICA. 8to, cloth extra, 15J. Uniform with the 
"Cambridge Shakespeare," 
Part T.—Tdentifcalioii of Ihe dramatis persons in Ihe historical plays, 
f-om King John lo King Henry VIII.; Notes on Characters in Macbeth 
and Hamlet; Persons and Places banging to Warwickshire aUaaed lo. 
Pari II.—The Shahspeare and Arden families and their connexions, viilh 
Thbles of descent. The present is Ike first altempt lo give a detailed de- 
icripHon, in consecutive order, of each of the dramatis peisonie in Shai- 
spearis immortal chronicle-histories, and some of Ihe character: have been. 
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it is bdieved^ herein identified for the first time A clue is furnished which, 
followed up with ordinary diligence, may ef table any one, with a taste for 
the pursuit, to trace a distinguished Shakspearean worthy to his lineal 
representative in t/te present day, 

Galileo.— THE private life of Galileo. Compiled 

principally from his Correspondence and that of his eldest 
daughter^ Sister Maria Celeste, Nun in the Franciscan Convent of 
S. Matthew in Arcetri. With Portrait. Crown 8vo. *js, 6d» 

It has been the endeavour of the compiler to place before the reader a 
plain, ungarbled statement of facts ; and as a means to this end, to allow 
Galilaf, hisfrieiuls, a/ui his judges to speak for themselves as far as possible, 

Gladstone (Right Hon. W. E., M.P.). — juventus 

MUNDI. The Gods and Men of the Heroic Age. Crown 8vo. 
doth extra. With Map. lor. 6d. Second Edition. 

J^is new work of Mr, Gladstone deals especially with the historic 
element in Homer, expounding that element and furnishing by its aid a 
full account of the Homeric men and the Homeiic religion. It starts, after 
the introductory chapter, luith a discussion of the several races then existing 
in Hdlcu, including the infitfence of the Phoenicians and Egyptians. It 
contains chapters on tJie Olympian system, with its several deities ; on the 
Ethics and the Polity of the Heroic age; on the geography of Homer ; on 
the characters of the Poems ; presenting, in fine, a view of primitive life 
and primitive society as found in the poems of Homer, To this A'aa 
Editiofi various additions have been made, 

"GLOBE" ATLAS OF EUROPE. Uniform in size with Mac- 
millan's Globe Series, containing 45 Coloured Maps, on a uniform 
scale and projection ; with Plans of London and Paris, and a 
copious Index. Strongly bound in half- morocco, with flexible 
back, 9J. 

Tfiis Atlas includes all t/ie countries of Europe in a series of ^Z Maps, 
drawn on the same scale, with an Alphabetical Index to the situation of 
more than ten tJwusand places, and the relation of the variotts maps and 
countries to each ot/ier is defined in a general Key-map. All the maps 
batman a un^orm scale facilitates the comparison of extent and distance, 
and conveys a just impression of the relative magnitude of different countries. 
The size suffices to show t/ie provincial divisions, the raihvays and main 
roads, the principal rivers and mountain ranges, " This atlas, " writes the 
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British Quarterly, "wi7/ be an invaluable boon for the school^ the desk, or 
the traveller's portmanteau.^^ 

Godkin (James).— THE land WAR in Ireland, a 

History for the Times. By James Godkin, Author of ** Ireland 
and her Churches," late Irish Correspondent of the Times, 8vo. 12s, 
A History of ilie Irish Land Qtiestion, 

Guizot. — (Author of "JOHN HALIFAX, Gentleman.")— M. DE 
BARANTE, a Memoir, Biographical and Autobiographical. By 
M. Guizot. Translated by the Author of "John Halifax, 
Gentleman." Crown 8vo. 6s. 6d, 

" The highest purposes of both history and biography are ans^vered by a 
memoir so lifelike, so faithful, attd so philosophical." 

British Quarterly REvrew. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. Hole, M.A., 
Trinity College, Cambridge. On Sheet, ij-. 
The different families are printed in distinguishing colours, thus facili' 

tating reference. 

A BRIEF BIOGRAPHICAL DICTIONARY. Compiled and 
Arranged by the Rev. Charles Hole, M.A. Second Edition. 
i8mo. neatly and strongly bound in cloth. 4$'. 6d. 

One of the most comprehensive and accurate Biographical Dictionaries 
in the world, containing more than \%,ooo persons of all countries, with 
dates of birth and death, and what they were distinguished for. Extreme 
care has been bestowed on the verification of the dates ; and thus numerous 
errors, current in i>revious works, have been corrected. Its size adapts it 
for the desk, portmanteau, or pocket. 

"An invaluable addition to our manuals of reference, and, from its 
moderate price, cannot fail to become as popular as it is useful.'^^ — Times. 

Hozier.— THE seven weeks' war ; Its Antecedents and 
its Incidents. By H. M. Hozier. With Maps and Plans. Two 
vols. 8vo. 28j. 

This work is based upon letters reprinted by permission from " The 
Times. ' ' For the most part it is a product of a personal eye-witness of some 
of the most interesting incidents of a war which, for rapidity and decisive 
results, may claim an almost unrivalled position in history. 
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THE BRITISH EXPEDITION TO ABYSSINIA. Compiled fix)m 
Authentic Documents. By Captain Henry M. Hozier, late 
Assistant Military Secretary to Lord Napier of Magdala. 8vo. gs. 

^* Several accoimts of the British Expedition have heeti published, .... 
They have^ however^ been written by those who have not had access to those 
authentic documents^ which cannot be collected directly after the termination 

of a campaign The endeavour of the author of this sketch has been to 

present to readers a succinct and impartial account of an enterprise which 
has rarelv oeen equalled in the annals of war ^"^ — Preface. 

Irving.— THE ANNALS OF OUR TIME. A Diurnal of Events, 
Social and Political, which have happened in or had relation to 
the Kingdom of Great Britain, from the Accession of Queen 
Victoria to the Opening of the present Parliament. By Joseph 
Irving. Second Edition, continued to the present time. 8vo. 
half-bound. \%s, {Immediately, 

" We have before us a trusty and ready guide to the events of the past 
thirty yearSy available equally for the statesman^ the politician, the public 
wriUr, and the general reader. If Mr. Irving' s object hcts been to bring 
before the reader all the nwst noteworthy occurretues which have happened 
since the beginning of Her Majesty's reign, he may justly claim the credit 
of having done so viost briefly^ succinctly, and simply, and in such a 
numneTf too^ as to furnish him with tJu details necessary in each case to 
comprehend the event of which he is in search in an intelligent manner. 
R^ecfion will serve to show the great value of such a work as this to the 
journalist and statesman, and indeed to every one who feels an interest in 
the progress of the age; and we may add that its value is considercibly 
increased by the addition of that most important of all appendices, an 
accurate and instructive index.'^ — Times. 

Kingsley (Canon). — on the ancien regime as it 

existed on the Continent before the French Revolution. 
Three Lectures delivered at the Royal Institution. By the Rev. 
C. Kingsley, M.A., formerly Professor of Modem History 
in the University of Cambridge. Crown 8vo. 6s. 

These three lectures discuss severally (i) Caste, (2) CefUralization, (3) 
The Explosive Forces by which iJu Revolution was superinduced. The 
Preface deals at some length with certain political questions of the present 
day. 
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THE ROMAN AND THE TEUTON. A Series of Lectures 
delivered before the University of Cambridge, By Rev. C. 

KlNGSLEY, M.A. 8vO. I2J. 

CONTBNTS:— /noH^liro/ZorAire,- The Forest CkUdrm ; Tke Dying 
Empin; The Hitman Deluge ; The Galkic CisMiier; DietrieK s End; Tke 
Nemesis ef the Goths ; Panlus Diaccnns ; The Clergy and the Heathen ; 
TAeMcii&a CivUker ; The Lemhard Lcaas ; The Popes and the Lombards ; 
The Strategy of Praiiidmce. 

Kingsley (Henry, F.R.G.S.}. — tales OF old 

TRAVEL. Re-narrated by Henry Kingsley, F.R.G.S. With 

Eight JUustrathits by Hdakd. Third Edition. Crown 8vo. ds. 

CofiTKHTS:— Marco Tob; The Shifvireck ef Pdsari ; The Wonderful 

Adventures of Andrew Battel; 7^ Wanderings of a Capuckin; Peter 

Carder; Tke Freservaiion of the "Terra Nana;" Spiisiergen; D'Enne- 

nemiill/s Acclimatisation AdvetUnre; The Old Sliwe Trade; Miles Pkilips; 

The SiifferHagso; Robert Everard; John Fox ; Alvaro Nunez ; TheFoutt- 

dalion ef an Em-iire. 

Latham. — ^BLACK AND WHITE: A Jonmal of a Three Months' 
Tom in the United States. By Henry Latham, M.A., Banister- 
al-Law. Svo, loj. 6if. 
" The spirit iu which Mr. Latham has writlen about our hrilhrcn in 
America is commendable in high degree." — ATHENdiUM. 

Law.— THE ALPS OF HANNIBAL. By Whliam-John Law, 
M.A., formerly Student of Christ Church, Oxford. Two vols. 

"jV^ one can read the work and not acquire a conviction Hat, in 
addition to a thorough grasp of a particular topic, its toritrr has at 
command a large store of reading ami thought upon many cognate points 
afancimt history and geography ." — QUARTERLY REVIEW. 

Liverpool.— THE life and administration of 

ROBERT BANKS, SECOND EARL OF LIVERPOOL, K,G. 
Compiled from Original Family Documents by Ckakles Dukb 
YOKGE, Regius Professor of History and English Literature in 
QncEo's College, Belfast; and Author of "The History of the 
British Navy," "The Histoty of France under the Bourbons," etc. 
Three vols. Svo, 42/. 
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Since the time of Lord Burleigh no one, except the second Pitt^ ever 
etijoyed so long a tenure of power ; with the same exception^ no one ever 
held office at so critical a time .... Lord Liverpool is the very last 
minister who has been able fully to carry out his own political views ; who 
hcu been so strong that in matters of general policy the Opposition could 
extort no concessions from him which were not sanctioned by his own 
deliberate judgment. The present work is founded almost entirely on the 
correspondettce left behind him by Lord Liverpool^ and noio in the possession 
of Colonel and Lady Catherine Harcourt, 

" Full of information and instruction^ — FORTNIGHTLY REVIEW. . 

Macmillan (Rev. Hugh). — HOLIDAYS ON HIGH 

LANDS ; or, Rambles and Incidents in search of Alpine Plants. 
By the Rev. Hugh Macmillan, Author of "Bible Teachings in 
Nature," etc Crown 8vo. cloth, dr. 

" Botanical knowledge is blended with a love of nature, a pious en- 
thusiasm, and a rich felicity of diction not to be met with in any works 
of kindred c/iaracter, if we except those of Hugh Miller, ^"^ — Daily 
Telegraph. 

FOOT-NOTES FROM THE PAGE OF NATURE. With 
numerous Illustrations. Fcap. Svo. 5^. 

" Tliose who have derived pleasure and profit from the study of flowers 
and ferns — subjects, it is pleasing to fnd, nozv everywhere popular — by 
descending lower into the arcana of the vegetable kingdom, will find a still 
more interesting and delightful field oj research in the objects brought under 
revie7v in the following pages.^* — Preface. 

BIBLE TEACHINGS IN NATURE. Fifth Edition. Fcap. 
Svo. 6s. 

Martin (Frederick) — the STATESMAN'S YEAR-BOOK : 

A Statistical and Historical Account of the States of the Civilized 
World. Manual for Politicians and Merchants for the year 1871. 
By Frederick Martin. Eighth Annual Publication. Crown 
Svo. los. 6d. 

The new issue has been entirely re-written, revised, and corrected, on the 
basis of official reports received direct from the heads of the leading Govern' 
ments oftJie World, in reply to letters sent to them by the Editor, 
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Martin (Frederick). — {conHnuedy- 

** Everybody who knows this work is aware that it is a book that is indis- 
pensable to writers^ financiers^ politicians^ statesmen^ and all who are 
directly or indirectly interested in the political^ social^ industrial^ com- 
mercicdf and financial condition of tJtdr fellow-creatures at home and 
abroad, Mr, Martin deserves warm commendation for the care he takes 
in making * The Statesman's Year Book' complete and correct'' 

Standard. 



HANDBOOK OF CONTEMPORARY BIOGRAPHY. By 
Frederick Martin, Author of "The Statesman's Year-Book." 
Extra fcap. 8vo. dr. 

This volume is an attempt to produce a book oj reference^ furnishing in 
a condensed form some biographical particulars oJ notable living men. 
The leading idea has been to give only facts, and those in the briefest form, 
and to exclude opinions. 



Martineau.— BIOGRAPHICAL SKETCHES, 1852—1868. 
By Harriet Martineau. Third and cheaper Edition, with 
New Preface. Crown 8vo. 6^-. 

A Collection of Memoirs under these several sections: — (i) Royal, (2) 
Politicians, (3) Professional, (4) Scientific, (5) Social, (6) Literary. These 
Memoirs appeared originally in the columns of the " Daily News.' 



»» 



Milton. — LIFE OF JOHN MILTON. Narrated in connexion 
with the Political, Ecclesiastical, and Literary History of his 
Time. By David Masson, M.A., LL.D., Professor of Rhetoric 
at Edinburgh. Vol. I. with Portraits. 8vo. i8j". Vol. II. in a 
few days. — Vol. III. in the Press. 

// is intended to exhibit Milton's life in its connexions with all the more 
notable pheftomena of the period of British history in which it was cast — 
its state politics, its ecclesiastical variations, its literature and speculative 
thought. Commencing in 1608, the Life of Milton proceeds through the 
last sixteen years of the reign of James I., includes the whole of the reign 
of Charles I, and the subsequent years of the Commonwealth and the 
Protectorate^ and then, passing the Restoration, extends itself to 1674, or 
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through fourteen years of the new state of things under Charles II, The 
first volume deals with the life of Milton as extending Jroni 1608 to 1640, 
which was the period of his education and of his minor poems. 

Mitford (A. B).— tales OF OLD japan. By A. B. 

MiTFORD, Second Secretary to the British Legation in Japan. 
With upwards of 30 Illustrations, drawn and cut on Wood by 
Japanese Artists. Two vols, crown 8vo. 21s. 

This work is an attempt to do for Japan what Siry. Davis, Dr. Legge, 
and M. Stanislas yulien, have done for China. Under the influetice oj 
more enlightened ideas and of a liberal system of policy, the old Japanese 
civilization is fast disappearing, and will, in a few years, be completely 
extinct. It was important, therefore, to preserve as far as possible trust- 
worthy records of a state of society which although venerable from its anti- 
quity y has for Europeans the dawn of twvelty ; hence the series of tiarra- 
lives and legends translated by Mr. Mitford, and in which the Japanese 
are very judiciously left to tell their own tale. The two volumes comprise 
not only stories and episodes illustrative of Asiatic superstitions, but also 
three sermons. The preface, appendices, and notes explain a number oj 
local peculiarities ; the thirty-one woodcuts are the genuine work of a native 
artist, who, uncomciously oJ course, has adopted the process frst introduced 
by the early German masters. 



Morley (John). — EDMUND BURKE, a Historical Study By 
John Morley, B.A. Oxon. Crown Svo. 'js. 6d. 

" The style is terse and incisive, and brilliant with epigram and point. 
It contains pithy aphoristic sentences which Burke himself would not have? 

Morison.— THE LIFE AND TIMES OF SAINT BERNARD, 
Abbot of Clairvaux. By James Cotter Morison, M.A. New 
Edition, revised. Crown Svo. p, 6d. 

" One of the best contributions in our literature towards a vivid, intel- 
ligent, and worthy knowledge of European interests and thoughts and 
feelings during the twelfth century. A deliglitful and instructive volume, 
and one of the best products of the modern historic spirit.^' 

Pall Mall Gazette. 
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disowned. But these are not its best features : its sustained power of 
reasonings its wide sweep of observation and reflection^ its eleva^ ethical 
and social tone, stamp it as a work of high excdlefice^ and as such we 
cordially recommend it to our readers" — Saturday Review. 

Mullinger.— CAMBRIDGE CHARACTERISTICS IN THE 
SEVENTEENTH CENTURY. By J. B. Mullinger, B.A. 
Crown 8vo. 4r. 6d, 

** It is a very entertaining and readable book, *' — Saturday Review, 

" The chapters on the Cartesian Philosophy and the Cambridge Platonists 
are admirable," — ATiiENiEUM. 



Palgrave.— HISTORY OF NORMANDY AND OF ENG- 
LAND. By Sir Francis Palgrave, Deputy Keeper of Her 
Majesty's Public Records. Completing the History to the Death 
of William Rufus. Four vols. 8vo. £^ 4^. 

Volume I, General Relations of Mediaval Europe — The Carlovingian 
Empire — The Danish Expeditions in the Gauls — And the Establishment 
of Rollo, Volume II, 77ie Three First Dukes oj Normandy ; Rollo, 
Guillaume Longue-Ep^e^ and Richard Sans-Petir — The Carlovingian 
line supplanted by the Capets, Volume III, Richard Sans-Peur — 
Richard Le-Bon— Richard III.— Robert Le Diable—lVdliam the Con- 
queror, Volume IV, William Rufus — Accession of Henry' Beauclerc. 

Palgrave (W. G.).— a narrative of a year's 

JOURNEY THROUGH CENTRAL AND EASTERN 
ARABIA, 1862-3. By William Gifford Palgrave, late of 
the Eighth Regiment Bombay N. I. Fifth and cheaper Edition. 
With Maps, Plans, and Portrait of Author, engraved on steel by 
Jeens. Crown 8vo. dr. 

" Considering the extent of our previous ignorance^ the amount of his 
achievements^ and the imporlatuc of his contributions to our knowledge, we 
cannot say less of him than was once said of a far greater discffuerer. 
Mr, Palgrave lias indeed given a new world to Europe," 

. Pall Mall Gazbtte. 
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Parkes (Henry). — Australian views of England. 

By Henry Parkes. Crown 8vo. cloth, ^s, 6d. 

** The folhzuing Utters were written during a residence in England^ in 
the years 1861 and 1862, and Tvere published in the ''Sydney Morning 
Herald" on the arrival of the monthly mails .... On re-perusal, these 
Idlers appear to contain views of English life and impressions of English 
netahilities which, cu the views and impressions ot an Englishman on his 
return to his ncttvve country after an absence of twenty years, may not be 
without interest to the English reader. The writer had opportunities oj 
mixing with different classes of the British people, and of hearing opinions 
on passing events from opposite standpoints of observation,^* — Author's 
Preface. 

Prichard.— THE administration of INDIA. From 
1859 to 1868. The First Ten Years of Administration under the 
Crown. By Iltudus Thomas Prichard, Barrister-at-Law. 
Two vols. Demy 8vo. With Map. 21s, 

In these volumes the author has aimed to supply a full, impartial, and 
independent account of British India between 1859 and 1868 — which is 
tn many respa:ts the most important epoch in the history of that country 
which the present century has seen, 

Ralegh. — ^the life of sir Walter ralegh, based 

upon Contemporary Documents. By Edward Edwards. To- 
gether with Ralegh's Letters, now first collected. With Portrait. 
Two vols. 8vo. 32J. 

" Mr, Edwards has certainly written the Life of Ralegh from fuller 
information than any previous biographer. He is intelligent, industrious, 
sympathetic : and the world has in his two volumes larger means afforded 
it of knowing Ralegh than it ever possessed before. The new letters and 
the newly-edited old letters are in themselves a boon.^"^ — Pall Mall 
Gazette. 

Robinson (Crabb). — diary, reminiscences, and 

CORRESPONDENCE OF HENRY CRABB ROBINSON. 
Selected and Edited by Dr. Sadler. With Portrait. Second 
Edition. Three vols. 8vo. cloth. 3df. 

B 
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Mr. Craii JtatinitH's Diary extends aver tie grialtr fart ef three- 
ftiarteri of a century. It cunlaini frrianal reminuccnces ef lome of the 
meit diiti^Hished character! of that prriad, incltiding Getihe, li'idand, De 
QKiiKey, iVordnaertk (wUA whom Mr. Crabb Robinson was on terms ej 
great iMimaeyX Madame de Slael, Lafayette, Coleridge, Lamb, Milman, 
A'c. &•(. : and includes a z-ast variety of subjects, political, literary, ttclai- 
mstical, and miscdlannms. 

Rogers (James E. Thorold).^msTORiCAL GLEAN- 
INGS : A Series of Sketches. Montague, Walpole, Adam Smith, 
Cobbett. By Professor Rogers, Crown Svo. 4/. iid. 
Profissor Eogn-is object in the following sketches is to present a sdoj 

hisloricat fails, grouped round a principal figure. The essays are in the 

/brm of lectures. 

HISTORICAL GLEANINGS. Second Series. Crown Svo. 6s. 

A eemfanion volume to the First Series recently published. It eontaini 
papers on WiM^, Laud,. Wilkes, Hernt Tooke. In these lectures the 
author has aimed to state the social facts of the time in -uihich the ijtdwidtud 
■whose history is handled look part in public business. 



Smith (Professor Goldwin). — three ENGLISH 
STATESMEN : PYM, CROMWELL, PITT. A Course of 
Lectures on the Political History of Englaiid. By Goldwik 
Smith, M. A. Extra fcap. Svo. Newand Chea^Kr EditioD. 5/. 
can safely afford to 



SYSTEMS OF LAND TENURE IN VARIOUS COUNTRIES. 

A Series of Essajrs published under the Eanctiou of the Cobliih 

Cl.UB. Demy 8vo. Second Edition. I2s. 
The subjects treated are:— I. Tenure of Land in Ireiand ; i. Land 
Laivs ef England; 3. Tenure of Land in Indict ; 4. Land System 0/ 
Btlgium and Holland; 5, Agrarian Legislation of Prussia during the 
Present Century ; 6. Land System of France ; 7. Russian Agrarian 
L^latien of 1B61 ; 8. Farm Land and Land Lata! of tie United 
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Tacitas. — the history of TACITUS, translated into 

EDgliah. By A, J. Church, M.A. and W. J. Brodhibb, M.A. 

With a Map and Notes. Svo. loj. W. 

The Iramlaltrt iiwe ttuiatvourtd tn adhtre at c/mtfy la tie original ai 

WBi tH^KgAt •■wuiitoW Kffidi a prafer ohservaiue of English idiem. At 

lit same lime U lias ban tkar aim te reprodute the precise txpressiaru ef 

Ike taUhar. This ■wort is characterised by the Spectator as " a ichtlarly 

atid /aititfiil Iranslalien." 

THE AGRICOLA AND GERMANIA. Translated into English by 

A. J. Chukch, M.A. and W, J. Broukibh, M.A. Wiib Maps 

and Notes. Extra (cap. Svo. 3r. 6d. 

The Iranslaters have stmghl to produce such a version as ntay satisfy 

teholars tnia demand a fiuthjid rendering of the original, and English 

readers mho are o^endtd by the baldness and frigidity which etntmanly 

Jisfigure translations. The treatises are accompanied by iniraductiotts, 

luites, mops, ami a ehrotuiUigical summary. The Athenxum says of 

this viork that it is 'a version at onee ridable and exact, which may be 

perused vnlh pleasure by all, and (ensulted vsilh advantage by Ike classical 

rtudml." 

Taylor (Rev. Isaac) — WOKDS AND PLACES; ot 

Eljmological Illustrations of History, Etymol;^, and Gec^[niphy. 
By the Rev. Isaac Taylosl Second Edition. Crown Std. 

" I^r. Taylor has predtced a realty ttseftd book, and ene -ashich stands 
alone in our language." — Saturday Rbvikw. 

Trench (Archbishop). — OUSTAVUS adolphus : Social 
Aspects of Ihe Thirty Years' War. By R. Chbnbvix Trekch 
D.D., Archbishop of Dublin. Fcap. Svo. is. 6d. 
" Clear and lucid in style, these lectures will be a treasure to many to 

n/kom Ihe sub/ect is un/amiliar."—I>VBUH EVENING MAIL, 

Trench (Mrs. R.). — Remains of the late Mrs. RICHARD 
TRENCH. Being Selecliona from her Journals, Letters, and 
other Paper*. Edited by Archbishop Trench. Neif and 
Cheaper Issue, mth Portrait, Svo. 61. 




Cmtlaint tunica aitJ a nee Jala UhutraliHg tkt social life of Ike period 
— extending avtr a quaTler ef a century (1799 — 1837), II imehuia aUr 

feemi and olher iniscdUtnaiHi fiteei by Mri. Traick. 

Trench (Capt. F., F.R.G.S.)-— THE RUSSO-INDIAN 

QUESTION, Uislorically, Stralej^ly, nnd Politicallj- con- 
lidered. BjCapL Trench, F.R-G.S. With a Skeich (rf Central 
Asiatic Politics and Map of Central Asia. Crown Sto. 7^. td. 
" The Rtaio-lndian, or Central Asian qtuslUn has for teveral ebfiout 
rtaiani been attnuting much publit atlmtion in England, in Jfniiia, and 
also on tie Continait, within the lait year or two. , . , I have thought 
tint the praeni voltimr, giving a shsrt sketch of the history of this pteslion 
from its earliest origin, and indenting much of the most ritent and inte- 
resting information en the sttbject, and on its co/HUtral phases, tnigit 
perhaps be aciiptable to thest who late an intirest in it." — AtrruOE's 

Preface. 

Trevelyan (G.O., M.P.).— cawnpore. lUuBtrated with 

Finn. By G. O. Trevei,yas, M.P„ Author of "The Com- 

pEtition Wailah." Secotid Edition. Crown 8va ts. 

" In this book jm art not spared one fact of the sad story ; iul our 

ftetin^s are not harrow/d by the recital of imaginary outrages. It is 

good for us at home that "ate haT'e one who tells his tale so rvell as does 

Mr. Trevelyan." — Pall Mall Gazette. 

THE COMPETITION WALLAH. New Edition. Crown Svo. fo. 
" Tki earlier Idlers are especially interesting for their racy descriptiotu 
ef Eufoptan life in India. .... Those thai fallow are or more serious 
import, seeking to tell the truth about the Hindoo character and English 
influences, good and bad, upon it, as wdlas lo surest some better course of 
treatment than that hitherto adopted."— EXAMlKtM. 

Vaughan (late Rev. Dr. Robert, of the British 
Quarterly). — memoir of Robert a. vaughan. 
Author of " Hours with Ihe Mystics." By Robert Vaughan, 
D.D, Second Edition, revised and enlai^ed. Extra fcap. Svo. Jj. 

" It deserves a place on the same shdf with Stanley's ' Life of Arnold,' 
end Carlyle's 'Stirling.' Dr. Vaughan has performed his faii^ul btit 
Mtl all unfleadng task vrith exguisile good taste and filing. " — NoNCON- 



Wagner. — memoir of the rev. george wagner, 

M.A., late Ineuinbent of Si. Stephen's Church, Brighton. By ihe 
Rev, J. N. SiMPKlNSON, M.A. Third and Cheaper Edition, cor- 
rected and abridged. 51. 
"A mare edifying bio^aj-ky aa hac-e rarely nut -uiith." — LiTZkABY 
Churchman 

Wallace.— THE MAL.W archipelago ; the Land of the 
Otanj; Utui and the Bird of Paradise. A Narrative of Travel 
with Studies of Man and Nature. By Alfred Russel Wallace. 
With Maps ind lUustralions, Secuad EdiUon. Two vols, crown 

"A carefully and deliiiralcty composed narrative. . . . fVe advise 
tur readert to do as loe have daiu, read his book tktaugh." — TIMES. 

Ward (Professor).— THE house of Austria in the 

THIRTY YEARS' WAR- Two Lectures, with Notes and Illas- 
(lations. By AooLPHtJS W. Ward, M.A., Pnrfeaor of Hisloiy 
in Owens College, Itlanchester. Extra leap. %so. 21. 6d. 
" Vcty eoiH/<atl and iuslruc/rve." — FoRTNICHTLY ReviF.w. 

Warren.- AN essay on CREEK FEDERAL COINAGE. 
By llie Hon. J. Leicester Wakhen, M.A. 8vo. u. 6d. 

" Tte present essay is an atlempt ta Uluitraie Mr. Freeman's Federal 
GeBtrnmenl by evidaiee deduced Jrom lie annage of ilu fanes amd eammlria 
Hereof treated of ." — Preface. 

Wedgwood. — JOHN WESLEY AND THE EVANGELICAL 

REACTION of the Eighteenth Century. By Julia Wedgwooo. 
Crown 8vo. &j. 6rf. 
Tkii i<t>i ii an altempl to ddineale lAe iitjiaence af ' fartiaJar mam 

t^n his age. 

Wilson. — A MEMOIR OF GEORGE WltSON, M. D.. 
F.R.S.E., Regius Profosor of Techa<dogy in the Univenity oT 
Edinbu^h. By his SIstkR. New EdilioiL Crown Sni. 6/. 
" Ah exquisite and Itmthing fortrail tf a rare and ieatdifiil ifiriL'' — 

Guardian. 




■Wilson (Daniel, LL.D.), — prehistoric annals 
OF SCOTLAND. By Daniel Wilsom, LL.D., Professor of 
Hbtory and English Literature in Univetsily Colle^, Toronlo, 
New Edition, with namerous Illiutrations. Two vols, demy 

Tiiii dahoralt and Uamed vicrk is dhndtd into four Parts. Part L 
dtals with The Primeval or Slone Period : Aboriginal Tracis, Sepulckrai 
Memorials, DwetHngs, and Catatoaths, Tcmftcs, Wtaf'ons, &v, &v. i 
Part II., The Bronie Period : Tht Mitallurgic Transi&m, Primitivt 
Bronte, Prrsanal Omamfnls, Rdigum, Arts, and Domatic Habits, isiith 
tthtr topics i Part III., The Iron Period : The 'tntroduction of Iran, 77ii 
XemoK Invasion, Strongholds, SfcSfc; Part IV., TheChristian Period : 
IHstoTieal Data, the Norriis Line Relics, Frimilive and Mrdiimai 
Eulesiology, McclesiasHail and Miscdlamoas Antiquitiet. The Work ii 
furnished -J!ilh an ilaborale Index, 



This work, whieh carries out the principle of the preceding one, butviilh 
a wider seopf, aims to "viero Man, as far as passiile, unaffected by those 
niodi/ying in/lne'ices which accoKfany the developBient of nations and the 
maturity if a true historic period, in order thereby to ascertain the saurea 
front whence such development and maturity proceed. " II contains, for 
example, chapters on the Primeval Transition ; Speech ; Metals ; the 
Mmnd-Biiilders : Primitive Architecture ; the American Type; the Red 
Blood of the West, St. ^c. 



CMATTERTON : A Biographical Study. By Daniel Wil-Son, 
LL.D., Professor of History and English Liletatore in Universitj 
College, Toronto. Crown Svo. 6i. bd. 

Tlie Author here regards Chatterten as a Poet, not as a" mere resetter 
and defacer of stolen literary treasures. " Reviewed in this light, he has 
found much in the old materials cc^aile of being turned to new account : 
and to these materials research in T/arious directions has enabled him to 
make some additions. 
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Yonge (Charlotte M.) — a parallel history of 

FRANCE AND ENGLAND : consisting of Outlines and Dates. 

By Charlotte M. Yonge, Author of "The Heir of Redclyffe," 

"Cameos from English History," &c. &c. Oblong 4to. 3^. 6t/. 

This tabular history has been drawn up to supply a want felt by rnajiy 

teachers of some means of making their pupils realize what events in the 

iTvo countries were contemporary. A skeleton narrative has been constructed 

of the chief transactions in either country y placing a column between for 

what affected both alike, by which means it is hoped that young people may 

be assisted in grasping the mutual relation of fventf. 



SECTION II. 
POETRY AND BELLES LETTRES. 

AUingham — laurence bloomfield in Ireland ; 
or, the New Landlord. By William Allincham. New and 
Cheaper Issue, with a Preface. Fcap. Svo. cloth, 4/. 6i/. 



" II is vilal wilh the tiaiumal chameler. . . . Ithasssmethingof Popit 
faint and Goldsmith's sim/liiily. teuektd to a more modern issue."— 
Athen^Um. 

Arnold (Matthew). — poems. By Matthew Arnold. 

Twovols. Extrafcap. Svo. clotli. 12J. Alsosoldaepuately at&t. 

yHume /. eBUlaini NarraiiBi and Elegiac Peemi ; Valuitu II. Drs' 
matic and Lyric Poems. The tteo Tielumes comprehend the First and 
Second Series of the Peons, and the Nrai Poems. 

NEW POEMS. Estra fcap. Svo, ts. M. 

In thisviilumfwill befottnd" EmpedocUs OH Etna ;" " Thyrtis" (-written 
in eommemoralien ej tlielate Prejasor Clougi); " Epilogtu to Lesan^i 
LaiKOOH ;" "Jleinifs Gravt;" " Oiermann once more." All these 
poems are also included in tkt Ediltm {/wo voU.) abcue-mentioned. 

ESSAYS IN CRITICISM. New Edition, with Additions. Extra 
fcap. Svo. 61. 
Contents -.-^Priface ; The Function ef Criticism at the present time; 
The IMerary Influence ef Academies ; Maurice di Guerin ; Eugenie 
de Guerin ; Heinrtch H-ine ; F-tgan and Medieval Religious Sentitnenl; 
yeuberi : Spinoza and the Bible ; Manus Aurelius. 
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ASPROMONTE, AND OTHER POEMS. Fcap. 8vo. cloth 
extra. 4r. 6^. 

Contents: — Poems for Italy ; DranuUic Lyrics ; Miscdlatieom. 

** Uncommon lyrical power and deep poetic feelingj" — LITERARY 
Churchman. 



Barnes (Rev. W.).— poems of rural life in com- 
mon ENGLISH. By the Rev. W. Barnes, Author of 
" Poems of Rural Life in the Dorset Dialect" Fcap. 8vo. dr. 

" In a high degree pleasant and novel. The book is by no means one 
which the lovers of descriptive poetry can afford to lose,^"* — ATHENiEUM. 



Bell.— ROMANCES AND MINOR POEMS. By Henry 
Glassford Bell. Fcap. 8vo. dr. 

" Full of life and genius y — Court Circular. 

Besant. — studies in early French poetry. By 

Walter Besant, M.A. Crown. 8vo. 8j. (id. 

A sort of impression rests on most minds that French literature b^ns 
with the **si^cle de Louis Quatorze;" any premous literature being for 
the most part unknown or igftored. Few know anything of the enormous 
literary activity that b^an in the thirteenth century, was carried on by 
Rulebeuff Marie de France, Gaston de Foix, Thibault de Champagne, 
and Lorris ; was fostered by Charles of Orleans, by Margaret of Valois, 
by Francis the First ; that gave a crowd of versifiers to France, enriched, 
strengthened, developed, and fixed the French language, and prepared the 
way for Corneille and for Racine. The present work aims to afford 
information and direction touching the early efforts of France in poetical 
literature, 

" In one moderately sized volume he has contrived to introduce us to the 
very best, if not to all of the early French poets. " — ATHENiEUM. 

Bradshaw.— AN attempt to ascertain the state 

OF CHAUCER'S WORKS, AS THEY WEPE LEFT AT 
his death. With some Notes of their Subsequent History. 
By Henry Bradshaw, of King's College, and the University 
Library, Cambridge. In the Press, 
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Brimley. — ESSAYS BY THE LATE GEORGE BRIMLEV, 
M.A. Edited by the Rev. W. G. CURK, M.A. Wilh Portrait. 
Cheaper Edition. Fcap. 8vo. y.. dd. 

Essays on lilirary tof'as, stuh as Tmnysons " Fffenis," CurlyU's 
"Lift ef SHrling," " Bliak Hiiuse," A-c, repriuled front Fraser, the 
Spectator, and like periadUah. 

Broome. — ^THE stranger of SERIPHOS. a Dramatic 
Poem. By FBEDEfiiCK Napier Broome. Fcap. 8vo. Sj. 
Foundei en She Greek legend of Danae and Perseus. 

"Grace and beauty of expression are Mr. Broome's characleratics ; 
and these qualities are displayed in tnany passages. " — AtkeNjBUM. 

Church (A. J.). — HOR.E TENNYSONIAN.E, Sive Eclogie 
e Teonysono Laline leddita;. Cura A. J. Church, A.M. 
Extra fcap. 8vo. 6i. 

Latin versions of Selecliens from Tennyson, Among the authors are 
the Editor, the late Professor Coninglon, Professor Seeley, Dr. Hessey, 
Mr. Kebbel, and other genlUmen. 

Clough (Arthur Hugh).— the poems AND PROSE 
REMAINS OF ARTHUR HUGH CLOUGH. Wilh a 
.Selection irom his Letters and a Memoir. Edited by his Wife. 
With Portrait. Two vols, crown 8vo. 2ij. Or Poems sepa- 
rately, as below. 
Tlu late Professor Clough is well htoivn as a graceful, tender port, 
and as the sehglarly translator of Plutarch. The letters possess Aigh 
interest, not hiograpMcal only, but literary — discussing, as they do, the 
most important questions of the time, ahnays in a genial spirit. 77u 
" Semains" iiiilude papers on "Retrenchment at Oxford ;" an Professor 
P. fV. Ncmmads book " The Soul ; " on Wordsworlk ; on the Fonnalian 
of Classicctl English ; on some Modern Poems {Maithna Arnold and the 
late Alexander Smith), &'c. &'c. 

THE POEMS OF ARTHUR HUGH CLOUGH, soroWimc Felit.w 
of Oriel College, Oxford, Third Edition. Fcap. 8vo, 6j. 
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" From tht higher mind of atitivaled, all-qvationing, biit sliil arnser- 
Valiiit Engiand, iit ihii ear pttxtUd grturatioH, wc do not knasi of any 
iMraHce <h liftrafurt so characteristic as tbi potms of Arlhur Hugh 

Clough." — Fraser's Magazine. 

Dante.— DANTE'S COMEDY, THE HELL. Translated by 
W. M, ROSSETTJ. Fcap. Svo. cloth- 5j. 
" The aim of this translation of Dantt may be summed »p in one word 
— Zfilerality, , . , To follow Dante sentence for sentence, lint for line, 
XBord for viord — neither more nor less — hits been my strtnaous endeavotir." 
— Author's Preface. 

De Verc— THE INFANT BRIDAL, and other Poems, By 
AUBREV Db Verb. Fcap, 8to. ^s. dd. 
" Mr. De Vere has taken his place among Ike /oeli of the day. Part 
and tender feeling, and that polished restraint of style which is called 
tiattieal, are tie charms of W/Whw^, "^Spectator. 

Doyle (Sir F, H.) Works by Sir FRANCIS HASTINGS DoYLE, 

Professor of Poelry in the University of Oxford :- — 

THE RETURN OF THE GUARDS, AND OTHER POEMS. 
Fcap. Syo, js. 
" Good Jirine needs no iitsh, nor goad verse a preface ; and Sir Franeii 
DeyWs verses run bright and clear, and smack of a classic vinlap. , . . 
His chief characteristic, as it is iisgrealeit charm, is the simple manliness 
nhich ^Dts force to all he mriies. It is a characterise in thesi de^s rare 
~ "—Examiner. 

LECTURES ON POETRV, delivensl before the University ol 
Oxford in 1868. Crown 8to. 3^.60!. 

Three Lectures : — (i) Inaugural; (a) Provincial Poetry; (3) Dr. 
NemmaiCs "Dream of Gerontius." 

"Full of thoughtful discrimination and Rne insight: the lecture en 
' Provincial Poetry' teems to us singularly true, doqaent, and instrut^st!' 
— Spectator. 

Evans. — BROTHER FABIAN'S MANUSCRIPT. AND 
OTHER POEMS. By Sebastian Evans. Fcap. 8vo. doth. 
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Fumivall. — LE MORTE D'ARTHUR. Edited from the Harlaan 
M.S. 225Z, in the British Museum. By F. J. FuENIVA^L. M.A. 
With Essay by Ihe late HERBERT COLERIDGE. Fcap. Svo. ^s. 6rf, 

Looking to ihe interat sitram by lo niany tkmisaads in Mr. Tennysotis 
Arikurian poms, the editor and fublishers host thought that the old 
version would possess considerable interest. It is a reprint of the cdtbratid 
Harlaan copy ; and is aaoinpanied by index and glossary. 

Gamett. — idylls and epigrams. Chiefly from the Greek 
Antholi^. By Richard Garnbtt. Fcap. 8vo, xs. dd. 

"A charming litiU book. For English readers, Mr. CcB-ttet^s transla- 
lotions will open a new world d/'/Adu^(."— Westminster Revibw. 



GUESSES AT TRUTH. By Two Brothers. With Vignette, 
TiUe, and FrontispiecE, New Edition, with Memoir. Fcap. 8vo. 6j. 

" The JolloTuing year was memorable tar the commencement of the 
' Guesses at Truth. ' Me and his Oxford brother, Ik/ing ai they did in 
constant and free interchange of Ihou^ on questions of philosophy and 
literature and art; delighting, each of them, in ihe epigrammalie terseness 
which is the charm oj the ' Pens/es ' of Pascal, and the ' Caraelires ' of La 
Bruyire — agreed to utter themselves in this form, and the book appeared, 
anonynumsly, in two volumes, in 1S37." — Memoir. 



Hamerton. — a painter's CAMP. 
Second Edition, revised. ] 






By Philip Gilbert 
xlra fcap. 8vo. fts. 



Book I. In England; Book IL Iu Scotland; Book III. In Frame. 
This is the story of an ArtisCs encampments and adventures. Tla 
headings of a few chapters may seme to comiey a notion of the character 
of the book: A Walk on Ihe Lancashire Moors; the Author his ewM 
Housekeeper and Cook ; Tents and Beats for the Highlands ; TTie Author 
encamps on an uninhabited Island ; A Lake Voyage ; A Gipsy yoitmey 
la Glen Coe ; Concerning Moonlight and Old Castles; A little French 
City; A farm in Ihe Autunois, Si'e. S^c. 
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His pages sparkU with many turns of expression^ not a few well-told 
anecdotes^ and many observations which are the fruit of attentive study and 
wise reflection on the complicated phenomena of human life, as well as of 
unconscious nature,^* — Westminster Review. 

ETCHING AND ETCHERS. A Treatise Critical and Practical. 
By P. G. Hamerton. With Original Plates by Rembrandt, 
Callot, Dujardin, Paul Potter, &c. Royal 8vo. Half 
morocco. ^is.6d, 

^^ It is a work of which author, printer, and publisher may alike fed 
proud. It is a work, too, of which none but a genuine artist could bit 
possibility have been the author.^* — Saturday Review. 

Herschel.— THE ILIAD of homer. Translated into EngUsh 
Hexameters. By Sir John Herschel, Bart 8va i&r. 

A version of the Hiadin English Hexameters, The question of Homeric 
translation is fully discussed in the Preface, 

** It is admirable, not only for many intrinsic merits, but cu a great 
man^s tribute to Genius,*^ — Illustrated London News. 

HIATUS : the Void m Modem Education. lu Cause and Antidote. 
By OuTis. 8vo. 8x. 6d, 

The main object of this Essay is to point out how the emotional element 
which underlies the Fine Arts is disregarded and undeveloped at this time 
so far as {despite a pretence at filling it up) to constitute an Educational 
Hiatus, 

Huxley (Professor). — lay sermons, addresses, 

AND reviews. By T. H. Huxley, LL.D., F.R.S. 
Second and Cheaper Edition, crown 8vo. *js, 6d, 

Fourteen discourses on the follonoing subjects :—0n the Advisableness of 
Improving Natural Knowledge Emancipation — Black and White; A 
Liberal Education, ana where 10 find it; Scientific Education; on the 
Educational Value oj the Natural History Sciences; on the Study of 
Zoology; on the Physical Basis of Life; the Scientific Aspects of Posi- 
tivism; on a Piece oJ Chalk; Geological Contemporaneity and Persistent 
Types of Life ; Geological Reform ; the Origin of Species; Criticisms on 
the ** Origin of Species; " on Descartei ** Discourse touching the Method 
oj using on^s Reason rightly and of seeking Scientific Truth," 



IVhilsl fiiMiskiiig a second edithii a/ kis Lay Sermons, AddrcBses, and 
Reviews Pmfasor Huxley iiu, at tie suggestion of many friends, issued 
in a cheap and papular form thi sdeetionroe are nmemticing. It intludti 
the folli/aiing essays: — (l) On the Advisableness ef Improving Natural 
Knowledge, (l) A Liheral Educalien, and ■where to find it. {'^) Sdattijie 
EducalKn, notes of an after-dinner sftecA. (4) On thi Physical Basis of 
Life. (5) Tht Scientific Asprits of Positivism. (6) On Descartes' "Dis- 
rourte touckiiig the Melked of usuig enis Reason Rightly and of seeking 
ScientiHc Truth." 

Kennedy. — LEGENDARY FICTIONS OF THE IRISH 

CELTS. Collected and Namiled by Patrick KeNHBDv. Crown 

Svo. With Two Illustrations. 71. 6t/, 

"A very adminsblt popular sHectiettef ike' Irish fairy stories and legends, 

in which those who are familiar ttdlh Mr. Crokei's, and other seleetiens 

of the same kind, will find much that is fresh, and ftUl of the peculiar 

vivacity and humour, and sometimes earn of the ideal ieauiv, of the true 

Celtic Z«™/."— Spectator. 

Kingslcy (Canon) — Seealso "Historic Section," "Works 
OF Fiction," and "Philosophy;" also "JuYxttiix Booiut" 
a W Thkologv." 

THE SAINTS' TRAGEDY : or, The True Slory of Elizabeth of 
Hungary. By the Rev. Cjiahles Ktngsley. With a Preface by 
the Rev. F. D. Maurice. Third Edition. Fcap. 8vo. S'- 

ANDROMEDA, AND OTHER POEMS. Third Edition. Fcap, 
8vo. 5J. 



Lowell (Professor).— AMONG MY BOOKS. Sii Essays. 
By James Russell Lowell, M.A., Professor of Belles Lettres 
in Harvard CoIl<^e. Crown 8vd. Js. 6d. 
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Six Essays: Dry dm ; Witchcraft; Shakespeare Once More; New 
England Two Centuries ago; Lessing; Rousseau and the Senti* 
tnentalists, 

UNDER THE WILLOWS, AND OTHER POEMS. By Jame» 
Russell Lowell. Fcap. 8vo. ds. 

** Under the Willows is one of the most admirable bits of idyllic work^ 
short as it is, or perhaps because it is shorty that have been done in our genf 
ratign,^ — Saturday Review. 

Masson (Professor).— essays, biographical and 

CRITICAL. Chiefly on the British Poets. By David MassoW, 
LL.D., Professor of Rhetoric in the University of Edinburgh* 
8vo. I2J. ddT. 

** Distin^ished by a remarkable power of analysis^ a clear statement 
9J the actual Jacts on which speculation is based^ and an appropriate 
beauty of language^ These essays should be popular with serious men***—^ 
AXHENiEUM. 

BRITISH NOVELISTS AND THEIR STYLES. Being a Critical 
Sketch of the History of British Prose Fiction. Crown 8vo. 7j. 6d. 

" VaJuable for its lucid analysis of fundamental principles, its breadth 
of view, and sustained animation of styled — Spectator. 

MRS. JERNINGHAM'S JOURNAL. Second Edition. Extra fcap. 
8vo. 3J. dd, A Poem of the boudoir or domestic class, purporting 
to be the journal of a newly-married lady. 

** One quality in the piece, sufficient of itself to claim a moments atten- 
tion, is that it is unique— original, indeed, is not too strong a word—in 
the manner of its conception and execution." — Pall Mall Gazette* 

Mistral (F.)* — MIRELLE: a Pastoral Epic of Provence. Trans- 
lated by H. Crichton. Extra fcap. 8vo. 6j. 

" This is a capital translation of the elegant and richly -coloured pastoral 
epic poem of M. Mistral which, in 1859, he dedicated in enthusiastic 

terms to Lamartine, // would be hard to overpraise the 

sweetness and pleasing freshness of this charming ^«V."--ATHENiBUM. 



Myers (Ernest).— the puritans. By Ernest Mveks. 

Extra fcap. 8to. cloth. 2i. td. 
" II is not lac niiieh to call U a really grand poim, siattty and dignifitd, 
and sh(niiing nut cnly a high fotiic mind, but alio griat pawtr over fodit 
tipriision." — Literary Churchman. 

Myer3 (F. W. H.).— Poems. By F. W. H. Myees. Erica 

fcap. 8vo. A^.dd. Coutaining-ST. PAUL." "St JOIIN,"aiid 

other Poems. 

"St. Paul stands -witkout a reval as the noblest rdigums ^em lakick 

has ifot written in an agf 'which beyond any other kOs been prolific in this 

class offoitry. The sublimcst conceptions are expressed in language tuhich 

for riekness, taste, andfurity, we have never seen eifoKn/."— John Bull. 

Nettleship — essays on robert browning's 

POETRY, ByJoHNT. Nettlbship. Extra fcap. 8vo. fu.6d, 

Noel.— BEATRICE, AND OTHER POEMS. By the Hon. 
RoDBN Noel. Fcap. Svo. (a. 
" Beatrice is in many respects a noble poem ; U displays a splendour 
tf landscape painting, a strong d^nite precinea oj highly-coloured descrip- 
tion, 'Which has not often been surpassed." — PaLL MaLL Gazette, 

Norton — THE LADY OF LA GARAYE. By the Hon. Mrs. 

Norton. With Vignette and Frontispiece. Sixth Edition. 

Fcap. 8vQ. 4r. 64. 
" There is ho lack of vigour, nojaltering oJ power, plenty or passion, 
nach bright diseripiioa, tanch musical verse. . . . Full of thoughts well- 
expressed, and may be classed among her best iiioris." — Times. 

Orwell.— THE BISHOP'S WALK AND THE BISHOP'S 
TIMES. Poems on llie days of Archbishop Leighton and the 
Scottish Covenant, By Orwell. Fcap. 8vo. 5^. 
" Pure laste and faultless precision of language, thtfruitsoj deep thought, 

insight into human nature, and lively j^Bi/artf."— Nonconfohmist, 

Palgrave (Francis T.). — essays on art. By Francis 
Turner Palgrave, M.A,, late Fellow of Exeter Collie, 
Oxford. Extra fcap. Svo. 6j, 
Mulready—Dyce—Holman Hunt— Herbert— Foe^, Prose, and Seu- 

salienalism in Art—Sculpture in England— The Albert Cross, a^c. 
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SHAKESPEARE'S SONNETS AND SONGS. Edited by F. T. 
Palgrave. Gem Edition. With Vignette Title by Jeens. 3^.6^. 

*^ For minute elegance no volume could possibly excel the * Getn 
Edition,* " — Scotsman. 

ORIGINAL HYMNS. By F. T. Palgrave. Third Edition, en- 
larged, i8mo. is. 6d, 

LYRICAL POEMS. By F. T. Palgrave. [Nearly ready, 

Patmore. — Works by Coventry Patmore : — 
THE ANGEL IN THE HOUSE. 

Book I. The Betrothal; Book II. The Espousals ; Book III. 
Faithful for Ever. With Tamerton Church Tower. Two vols. Fcap. 
%vo. \2s. 

•^* A New and Cheap Edition in one vol. iSmo.f beautifully printed 
on toned paper t price 2s. 6d. 

THE VICTORIES OF LOVE. Fcap. 8vo. ^r. 6d. 

The intrinsic merit of his poem will secure it a permanent place in 
literature. . . . Mr. Patmore has fully earned a place in the catalogue 
of poets by the finished idealization of domestic life^ — Saturday 
Review, 

Pember (E. H.).— the tragedy of lesbos. a 

Dramatic Poem. By E. H Pember. Fcap. 8vo. 4f. dd. 
Founded upon the story of Sappho, 

Richardson. — the ILIAD of the east, a Selection 
of Legends drawn from Valmiki's Sanskrit Poem "The Ram - 
ayana." By Frederika Richardson. Cro^vn 8vo. 7j. (>d. 
** A charming volume which at once enmeshes the reader in its snares.^^ 

— ATHENiEUM. 

Rhoades (James). — poems. By James Rhoades. Fcap. 
8vo. 4^. dd. 
Poems and Sonnets. Contents : — Ode to Harmony ; To the Spirit 
of Unrest; Ode to Winter; The Tunnel; To the Spirit of Beauty; 
Song of a Leaf ; By the Rotha ; An Old Orchard; Love and Rest ; The 
Flowers Surprised; On the Death of Artemus Ward ; The Two Paths ; 
The Ballad of Little Maisie ; Sonnets. 

c 
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Rossetti. — Works by Christina Rossetti ; — 
GOBLIN MARKET, AND OTHER POEMS. With t*o Designs 
by D. G. RosssTTi. Second Edition, Fcap. Svo. jj-. 
"Sht haudla her lillle marud vitlh Ikal rarepstlic diieriminalian whleA 
HOlker cxMusts U of Us sin^i -wanderj by pushing ^mhalism taafar, nar 
kicfs tkosi '.vaiiiUri in the merely fabulous and capricious slage. In fact 
ihe has produced a true children's poem, vihich is far more dil^Al/ul It 
the maliiri than to children, IA»H^h it would be deli^tful la all.'"^- 
Spkctatob. 

THE PRINCE'S PROGRESS, AND OTHER POEMS. With 
two Designs by D. G. RossETTl. Fcap. 8vo. &. 
'■' Miss SesstttC s poems are of the kind 7vhick reeiuls Shelley's difinitioit 
of Foetiy as tie record of the best and happiest moments of the best and 
k^piat minds. . . . Titty are like the piping of a bird on the spray in 
the sunshine, or the quaint singing lailh -which a child amuses itstlf when 
itftrgets that anybody is listening." — SATURDAY REVIEW. 

Rossetti (W, M.).^DANTE'S HELL. J« " Dantb." 

By William M. Rosserri. 

This volume consists of Crilicisnt on Ceittemporary Art, reprinted 
from Fraaer, The Saturday Review, The Pall Mall Guette, and other 
publications. 

Roby.— STORY OF A HOUSEHOLD, AND OTHER POEMS. 
By Mary K. Robv, Fcap. 8vo. Sj. 

Seeley (Professor) — LECTURES AND essays. By 

J. K. Seel£y, M.A. Professor of Modem History in the 

University of Cambridge. Svo, los. 6d. 

Contents : — Roman Imperialism : i. The Great Roman Sevoliaion; 

2. lite Preximate cause of Hie Fell tf the Roman Empire ; ^ The Lmter 

Empire.— Milton's Political Opinions — Milton's Poetry^ Elemeulary 

Principles in Art^-Liberal Education in Universities— En^ish in 

Schools—The Church as a Teacher if Moratity-TTte Teaching 0/ 

Politics: an Inaugural lecture delivered at Cambridge. 



Shairp (Principal).— KILMAHOE, a HigUand Pa!torJ,.irilh 
other Poems. Dy John Campbell Skaisp. Fca.p. 8vo- 5j. 

'■ Kiimabee is a Highland Pnitfral, rtdoUnt af tkr ■manH si^ airi 
tht Walim LkHj and Moors, sketched out viith rintarkatle grace ai 
pkturesqumess?' — Saturday Review. 

Smith. — Worka by Alexander Smith ; — 

A LIFE DRAMA, AND OTHER POEMS. Fcap. 

CITY POEMS. Fcap. Svo. 5^. 

EDWTN OF DEIRA. Second Ediiwn. Fcap. Svo. 

A potm vihith is marktd by the stnnglM, suslaiH/d 
fotHfact Uxlure b/ reai i(^e."—HoB.TH British Review. 

Smith. — POEMS. By Catherine Baknasd Sun 

Bvo. 5J. 

" Wealthy in feding, meaning, finish, and grace ; not without pastian, J 
jiihiih is suppressed, but the keener for that." — ATHEN.IUM. 

Smith {Rev. Walter).— hymns of cheist and THE 
CHRISTIAN LIFE, By the Rev. Walter C. SMrra, M.A. 
Fcap. Z\o. 6s. 

" Tiese arc among the fiKOttst lacrtd poems We katit read fur a long 
lime. With no pafuse imagery, apressing a range af fedii^ and 
isfiressiOH by no means uncommon, they are true and elevattd, and their 
tnlkas is profound and iim/fc"— Nonconformist. 

Stratford dc RedclifTe (Viscount). — shadows of 
THE PAST, in Verse. By Viscount STfiArroRD de Rbd- 
CLIFFF.. Crown Svo. icu. bd, 

" The vigorous words a/ one who has acted vigorously. They combine 
Ihtjtrvtur of pditiciaiu and poet." — GUARDIAN. 
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Trench. — ^Worka by R, Chenevix Trench, D.D., ArchLishop 
of Dublin. Seealie Sections "Philosophy," "THaoLOGY,"&c. 

POEMS. Collected and arraiiEed anew. Fcap. 8yo. is. Grf. 
ELEGIAC POEMS, Third Edition. Fcap. 8vo. is. 6d. 



Hs.Sd. 

HOUSEHOLD BOOK OF ENGLTSH POETRY. Selected and 

amnged, with Notes, by R. C. Trench, D.Di, Arcbbishop of 

Dublin. Second Edition. Extra fcap. 8vo. ^s. 6d. 

TJiisvslume is allied a " Hausihold Bonk" by this name implying that 

it 11 a book for oil — thai thert is nothing in it te prruaU it front biing 

confitiatlly plaad in tlu hands of every member of the household. Sped- 

mats of ail classes of poetry are ghien, intluding selections from Irving 

authors. Tlu SdUor has aimed to produei a book ' ' vihich the emigrant, 

finding room for little not absolutdy necessary, might yei fina room for 

in his truni, and the tra/vdler in his knapsack, and that on some narrtne 

shelves ■where there art few books this might be one." 

" The Archbishop has conferred in this ddightful tiolume an important 
gift on the vihole English-speahing population of the ■uvrld." — Pai.i. 
Mall Gazette, 

SACRED LATIN POETRY, Chiefly LyricaL Selected and arranged 

for Use. Second Edition, Corrected and Improved. Fcap. 8vo. 

Js. 

" The aim of the present volume is to offer to members of our English 

Church a collection of the best sacred Latin poetry, such as they shall he 

aile entirely and heartily to accept and afprotie — acollection, thatis,in 'which 

they shall not be evermore liable la be offended, and to have the current Bj 

their sympathies checked, by coming Mfon that vihich, however beauiifi/l as 

poetry, out of higher respects they must re/ecl and condemn — in which, too, 

they shall not tear that snares are being laid for them, to entan^ that 

uiunvares in admiration for aught vhich ir inconsistent joith their faith 

and fealty to their awn spiritual mother." — Preface. 

Turner. — SONNETS. By the Rev. Charles Tennvson 
TujtHER. Dedicated tn hi? brother, the Poet Laureate. Fcap. 
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*' 77te Sonnets are dedicated to Mr, Tennyson bv his brother ^ and huve^ 
independently of their merits^ an interest rf association. They both love to 
write in simple expressive Saxon; both love to touch their imagery in 
epithets rather than in formal similes ; both have a delicate perception 
of rhythmical movementy and thus Mr, Turner has occasional lines which^ 
for phrase and music, might be ascribed to his brother. , . He knows the 
haunts of the wild rose, the shady nooks where light quivers through the 
leaves, the ruralitiesy in short, of the land of imagination.^' — ATHENiEUM. 

SMALL TABLEAUX. Fcap. 8vo. 41. 6</. 

" These brief poems have not only a peculiar kind of interest for the 
student oj English poetry, but are intrinsically delightful, and will reward 
a careful and frequent perusal. Full of naivete, piety, love, and knowledge 
of natural objects, and each expressing a single and genercdly a simple 
subject by means of minute and original pictorial touches, these sonnets 
have a place of their own," — Pall Mall Gazette. 

Vittofia Colonna.— LIFE AND POEMS. By iArs. Henry 

RoscoE. Crown 8vo. gs. 

The life of Vittoria Colonna, the celebrated Marchesa di Pescara, has 
received hut cursory notice from any English writer, though in every 
history of Italy her name is mentioned with great honour among the poets 
of the sixteenth century. "In three hundred and fifty years," says her 
biographer, Visconti, "there has been no other Italian lady who can be 
compartd to her." 

^^ It is ivritten with good taste, with quick and intelligent sympathy, 
occasionally with a real freshness and charm of style" — Pall Mall 
Gazette. 

Webster. — Works by AUGUSTA Webster : — 

*^^ If Mrs. Webster only remains true to herself, she will assuredly 
take a higher rank as a poet than any woman has yet done,"*^ — 
Westminster Review. 

DRAMATIC STUDIES. Extra fcap. 8vo. 5j. 

"A volume as strongly marked by perfect taste as by poetic power,^^-* 
Nonconformist. 

PROMETHEUS BOUND OF .ESCHYLUS. LittraUy translated 
into English Verse. Extra fcap. 8yo. Jj. (>d, 

" Closeness and simplicity combined with liitrary skill," — AXHENAUM. 
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"Mrs. Wehiltr'i 'Dramatic Siudits' ami ' TraiislaHea of Preiiu- 
Ikaa' Mavt wsn for Atr an henenrablt piaet among our Jatiati petti. 
Sbfivrilis iiiiiK retnarkablevigottr and dramatic reaihaiioii, and bidifaa 
IB ie the mast sueciss/iil claimant Of Mrs. Brotsniiiigs manlle," — BaiTISH 
QUABTERLY RSVIEW. 

MEDEA OF EURIPIDES. Literally [tanskted iiilo English Verse. 
Extra fcap. Svo. 2i^. dd. 

" Mrs. IVeiiltr'i Irans/atie/i surpaiscs our utmost expectations. It is a 
photfgrafh of the original ■without any ef that harshness vAich so ofien 
atcoinfiauia a pltatographr — Westuihst£K Review. 

A WOMAN SOLD, AND OTHER POEMS. Crown 8td. 7j. 6rf. 
"Mrs. Webster has shewn us that sks is able to dram admirably from 
the life ; that she can observe iiillA sttillety, and render her abservatioia 
■with delicacy; that she can intp^sonate complex conc^tians, aiidventurr 
'into ■which fax living writers can folloTV htr.' — GtrAKDlAN. 

PORTRAITS. Second Edition. Extra fcap. Svo. jr. W. 

"Airs. Wcbsla's poetiis exhibit sivtpUdty and leiiderness . . . her 
taste is perfect . . . This simplicity is comiined vrith a subtlety a/ thought, 
feding, and obsematiaii aiAsci demand thai attention ■ 'which only real 
lovers of poetry are apt to bcstaia. . . . If she o/ilv ranaixs true to hersHj 
she ■aiill most assuredly take a higher rank as a poet than any ■ivaman has 

>rtd'iiw,"— WfiSTMiNSTEB Review. 

" IVith this volume before us it would be hard to deny her the preiut 
fKsitian 1^ the first livitig English poetess." — Examinee, 

Woodward (B, B., F.S.A.) — SPECIMENS OF THE 

DRAWINGS OF TEN MASTERS, from the Royal Collection 

at Windsor Castle. With Desaiplive Text by the- late B. B.WOOD- 

Wi^KD, B.A., F.S.A. , Librarian to the Queen, and Keeper ot 

PrintE ami. Drawings, Illustrated by Twenty Autotypes by 

Edwards and Kidd. In 410. handsomely boand, price 2^s. 

Thisvolame amlains facsimiles oj the-^oorks of Michael AmielOjPerugino, 

Raphad, yulio Romano, Leonardo da find, Giorgione, Paul Veronese, 

I^ntssin, Albertnarer, Nblhein, executed by tkt Autotype {Carbon) process, 

whtchmay bt aecefled as, so far, perfect repraentatigns a/ the ariginals. A 

most cases some reduction in siuioas necessary, and then the dmicnsions 

if the draieing itself ha^ve beenghien. Brief bio^aphical memoranda of 

Ihelije of each master are inserted, soMy to prevetU the need of reference 
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Woolner.— MY BEAUTIFUL LADY. By Thomas Woolnku. 
^Vith a Vignette by Arthur IIugiiks. Thinl Kdilion. Kca|i. 
8vo. 5^. 

"// is clearly the product oj no idle hour^ but a highly 'Conceix^ and 
faithfully-executed task^ self-imposed^ and promptai by that inwtird yearn- 
ing to utter great thoughts^ and a loealth of passionate feeling which is 
poetic genius. No man can read this poem vithout being struck by the 
fitness and finish of the ivorkmanship^ so to spea/,\ as iccll as by the chas- 
tened and unpreteftding loftiness of thought which f>etTades the whcle"— 
Globe. 

\VORDS FROM THE POETS. Sekcted by the Editor of •' Ktyn of 
Sunlight." With a Vignette and Frontispiece. i8mo. limp., n. 

Wyatt (Sir M. Digby).--FINK ART: .1 skcidi of ic 

History, Theory, Practice, and application to Industry. A CVmrsc 
of Lectures delivered before the University of Cambridge. iJy 
Sir M. DiGBY ^VVATT, M. A. Sladc IVofcKsor of Fine Art. 
Svo. lOsf. 6d. 




Bi^Ulifully printtd on tnud pape- and bound in doth tl^ant, priie 
41. &/. nak. Ill plain clolk, 3/. dd. Also ktpt in various stylts 0/ 
Moroiro and Calf bindings. 



THE SATURDAY REVIEW says— " The Globe Editions 
BIB admirable for their scholarly editing, their typographical 
escelltnce, ibeir compendious form, and their cheapness." 

Under the title GLOBE EDITIONS, the Publishers are 
issuing a uniform Series of Standard English Authors, 
carefully edited, clearly and elegantly printed on toned 
paper, strongly bound, and at a small cost. The names of 
the Editors whom they have been fortunate enough to 
secure constitute an indisputable guarantee as to the 
character of the Series. The greatest care has been taken 
to ensure accuracy of text; adequate notes, elucidating 
historical, literary, and philological points, have been sup- 
plied ; and, to the older Authors, glossaries are appended. 
The series is especially adapted to Students of our national 
Literature ; while the small price places good editions of 
certain books, hitherto popularly inaccessible, within the 
reach of all. The Saturday Revieiv says : " The Globe 
Editions of our English Poets are admirable for their 
scholarly editing, their typographical excellence, their com- 
pendious form, and their cheapness." 



GLOBE EDITIONS. 



Shakespeare — THE COMPLETE WORKS OF WILLIAM 
SHAKESPEARE. Edited by W. G. Clarx uid W. Auhs 

Wright. 
"A marutl ef btauly, ihetpnas, and cetnfactma, T At whole vmris — 
flays, poems, and sonnOs — art amtained in cne small volume: yd ikr 
fage is perfectly clear and rtadaUe. . . . Far the busy man, abm/e nil 
fer the zimrking student, the Glebe Editian ii tkt best of all existing 
Shakespeare books." — ATHENE ITM. 

Morte D'Arthur. — sir Thomas malory's book of 
KING ARTHUR AND OF HIS NOBLE KNIGHTS OF 
THE ROUND TABLE. The Edition of Caxtos, revised for 
Modem Use. With an Introduction by Sm Edwarh Strackev, 
Bart. 



Scott.— THE POETICAL WORKS OF SIR WALTER 

SCOTT. With Bii^raphical Essay by F. T. Palgkave. 
New Edition. 
" As a popular edition ii leaves nothing ta be desired. The want 0/ 
inch ail BTti has long been felt, combining real excellence -with cheapness'' 

— Spectator. 

Barns.— THE POETICAL WORKS AND I^TTERS OF 
ROBERT BURNS. Edited, with Life, by Albxandek Smith. 
New Edition. 
' ' The woj-hs of the bard have never been offered in such a complete form 
in a single volume."— QUi^QQVi DAILY Herald. 
"Admirable in all resfiects."—SFECTAroi. 

Robinson Crusoe.— THE adventures OF ROBINSON 

CRUSOE. By Defoe. Edited, from the Original Edition, by 

J. W. Clakk, M,A., Fellow of Trinity CoUege, Cambridge. 

With Inttoiluction by Hekrv Kingslev. 

" 7^ Globe Edition of Robinson Crusoe is a booh to hofBt and to ietp. 

tt is printed after the original editions, with the guatnt old spelling, and 
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is published, in adntirailt ilyU as r^rds type, pBftr, and binding. A 
vieit-'airittat and genial hingraphiiol introduction, by Mr. Henry Kingsiey, 
Is OAewiie an attractive feature of this edition:' — MOBNING Stah, 

Goldsmith.— GOLDSMITH'S MISCELLANEOUS WORKS. 
With Biographical Essay by Profeisor Masson. 

This idiliaH incliidts the whole of GoldsmiSC s MiscellancBus Works — 
rt* Vicar of Waktfidd, Plays, Poems, &■(■. Of the memoir the Scotsmak 
tauisfiaper -writa: " S«ch an admirable compendium of Ike facts of 
GtldsmHHj life, end so carefid and minttti a deliiteation of the mixed 
trails of his peculiar chnraeler, as to be a very modd of a literary 
biography. " 

Popo. — THE POETICAL WORKS OF ALEXANDER POPE. 
Edited, with Memoir in'I Notes, by Professor Ward. 



them 

Spwiser. — THE COMPLETE WORKS OF EDMUND 

SPENSER. Edited from the Origimtl Editions and Manuscripts, 
by R. Morris, Member of the Council of the Pliilological Society. 
With a Memoir by J. W. Hales, M.A., late Fellow of Christ's 
College, Cambridge, Member of the Council of the Philological 

"A complete and clearly pniiled ediHfn of the ■whole ■works of Spenser, 
car^Uv cellatid teiih tie originals, ■witk eopieus glossary, wcrtky-—aHd 
h^her praise iC needs ncl — if the beautiftii Globe Series. The taori is 
sdittd witA ail tie care so noble a pod deserves." — Daily News. 

Dryden.- THE POETICAL WORKS OF JOHN DRVDEN. 
Edited, with a Revised Teit, Memoir, and Notes, by W. D. 

Christie.. 

" The work of the Editor has been done inilh much fulness, care, and 
knowledge ; aviell^frillen and exhaustive memoir is prefixeil, and the notes 
and text together have been so -well treated as to make the volume a filling 
colf^nion for those which have preceded it—whtch is saying twi a 
little." — DiULV Telegraph. 



GLOBE EDITIONS, 43 



Cowper.— THE POETICAL WORKS OF WILLIAM COW- 
PER. Edited, with Biographical Introduction and Notes, by W. 
Ben HAM. 

^* Mr. Bmham^s edition of Cowper is one of permanent value. The 
biographical introduction is excellent^ full of information^ singularly 
neat and readable^ and modat-^00 modesty indud^in its comments. 
The notes seem concise and accurate^ and the editor has beert able to 
discover and introduce sonte hitherto unprinted matter. ^"^ — Saturday 
Review. 

Virgil.— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Introductions, Running Analysis, and 
an Index, by James Lonsdale, M.A., and Samuel Lee, M.A. 
Globe 8vo. 

The preface of this nezu volume informs us that ** tlie original has bun 
faithfidly rendered^ and paraphrase altogether avoided. At the same time, 
the translators have endeavoured to adapt the book to tlie use oftlie English 
reader. Some amount of rhythm in the structure of the sentence has been 
generally maintained ; and, when in the Latin the sound of the words is 
an echo to the sense {as so frequently happens in Virgil), an attempt has 
been made to produce the same result in English.^* 

The general introduction gives us whcUever is known of the poet' s life, 
an estimate of his genius, an account of the principal editions and trans- 
lations of his works, and a brief view of the influence he has had on 
modern poets ; special introducttry essays are prefixed to the Eclogues, 
Georgics, and <^neid. The text is divide into sections, each of which is 
headed by a concise analysis of the subject ; the index contains references to 
all the characters and events of any impoi'taiice. 

* * Other Standard Works are in the Press. 
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*** The Volumes of this Series may be had in a variety of morocco 
and calf bindings at very moderate prices. 



MACMILLAN'S 

GOLDEN TREASURY SERIES. 

Uniformly printed in i8mo., with Vignette Titles by SiK 
Noel Paton, T. Woolner, W. Holman Hunt, J. E. 
MiLLAis, Arthur Hughes, &c Engraved on Steel by 
Jeens. Bound in extra cloth, 4s. firf, each volume. Also 
kept in morocco and calf bindings. 

" Masrs. MacmUliin have, in their Golden Treasury Serin especially, 
provided tditiotu of standard wuris, volumes of selected poetry, and 
original comfgsiHmis, which entille this scries to be called clastical. 
Nothing can he better than Ihe liferary execulien, nothing viore elegant 
than the material workmanship." — BRITISH QUARTERLY REVIEW. 



THE GOLDEN TREASURY OF THE BEST SONGS AND 

LYRICAL POEMS IN THE ENGLISH LANGUAGE. 

Selected and airanged, with Notes, tiy Francis Turnes 

Palgrave. 

" This ddigktful little volume, the Golden Treasury, ivhuk contains 

many o/lhe best original lyrical pieees and songs in our langtiage, grouped 

with care and skill, so as to illustrate each other lite the pictures in a 

wtU-arranged gallery." — Quarterly Review- 



" It includes specimens of all the great masters in the a 
silrettd ivilh l/ie mniured judgment of a man concentrated 
insight into the feelings and tastes of childhood, and desirous 1 
finest impidses, to eultivatf its keenest sensibilities." — Mornin 
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THE BOOK OF PRAISE. From the Best English Hymn Writers. 
Selected and arranged by Sir Roundell Palmer. A New and 
Enlarged Edition, 

** All previous compilations of this kind must undeniably for the present 
give place to the Book of Praise, . . . The selection has been made 
throughout with sound judgment and critical taste. The pains ifwolved 
in this compilation must have been immense, embracing, as it does, every 
writer of note in this special province of English literature, and ranging 
over the most widely divergent tracks of religious thought,^'* — Saturday 
Review. 

THE FAIRY BOOK ; the Best Popular Fairy Stories. Selected and 
rendered anew by the Author of "John Halifax, Gentleman." 

" A ddightful selection, in a delightful external form ; full of the 
physical splendour and vast opuletice of proper faity tales," — Spectator. 



THE BALLAD BOOK. A Selection of the Choicest British Ballads. 
Edited by William Allingham. 

^* His taste as a judge of old poetry will be founds by all acquainted with 
the various readings of old English ballads, true ettough to justify his 
undertaking so critical a task," — SATURDAY Review. 

THE JEST BOOK. The Choicest Anecdotes and Sayings. Selected 
and arranged by Mark Lemon. 

" The fullest and best jest book that has yet appeared," — Saturday 
Review. 

BACON'S ESSAYS AND COLOURS OF GOOD AND EVIL 
With Notes and Glossarial Index. By W. Aldis Wright, M.A. 

** The beautiful little edition of Bacon^s Essays, notu before us, does 
credit to the taste and scholarship of Mr, Aldis Wright. , , , It puts the 
reader in possession of all the essential literary facts and chronolo^ 
necessary for reading the Essays in contiexion with Bacoiis life and 
tiinss, " — S pectator. 

** By far the most complete as well as the most elegant edition we 
possess, " — Westminster Revi ew. 
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THE PILGRIM'S PROGItESS from this World to that which is to 
come. By John Bunvan. 
"A btauliful and sdiolarly reprint." — Spectator. 

THE SUNDAY BOOK OF POETRY FOR THE YOUNG. 
Selected and arranged by C. F. Alexander. 
" A laelt-sdalcd volmni of Sabred /VbV)'."— Spectator. 

A BOOK OF GOLDEN DEEDS of all Times and all Countties. 

Gathered and narrated anew. By the Author of "The Hbis OF 

Redclvife." 

". , . To Ihi young, for whom itisispttiallyintindid,a!ai»DSli>ileralitig 

callectioH of ihrUlhiglaUs iMl lold ; and ts tkdr dders, m a iis^l Aand- 

beok of rrferencc, and a pleasant mit to tail tip whin their "wish iita vihilt 

away a weary half-hsur. Wt hone seal no firettier giji-boo/i for a long 

lime. " — Athe N^e tiM , 

THE POETICAL WORKS OF ROBERT BURNS, Edited, with 
Biographical Memoir, Notes and Glossary, by Alexander 
Smith. Two "Vols. 



THE ADVENTURES OF ROBINSON CRUSOE. Edited from 
tbe Original Edition by J. W. Clark, M.A., Fellow of Trinity 
College, Cambridge. 
" Mutilated and modified editiens of this EngiUh classic are to marA 

the rule, tkat a cheap and pretty copy of it, rigidly exact to tie original, 

vnit be a firite to many book-bi^ers." — Examiner. 

THE REPUBLIC OF PLATO. Translated into English, with 
Notes by J. LI. Davies, M.A. and D. J. Vaugkan, M.A. 
"A dainty and cheap tittle editiaii." — ExAMlnjEK. 

THE SONG BOOK. Wonls and Tunes from the best Poels and 
MnsIdanB. Selected and arranged by John IIullah, Professor 
of Voenl Music in King's College, London. 
"A choice collection oj the sterling songs of En^and, icoiland, and 

Ireland, with the music oJ eachjrefixed to the words. Ifmo much'true 

wholtstme pleasure such a book can dighse, and iiiill diffuse, we tnui, 

through many thousijnd familits." — E:tAHINBK. 
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LA LYRE FRANCAISE. Selected and arranged, with Notes, by 
GusTAVE Masson, French Master in Harrow School. 

A selection of the best French songs and lyrical pieces. 

TOM BROWN'S SCHOOL DAYS. By an Old Boy. 

' ' A perfect gem of a book. The best and most healthy book about boys 
fur hoys that ever was written.''' — ILLUSTRATED Times. 

A BOOK OF WORTHIES. Gathered from the Old Histories and 
written anew by the Author of "The Heir of Redclyffe." 
With Vignette. 

''^ An admirable addition to an admirable series^ — Westminster 
Review. 

A BOOK OF GOLDEN THOUGHTS. By Henry Attwell, 
Knight of the Order of the Oak Crown. 
* ' Mr. Attiuell has produced a book of rare value .... Happily it is 
small enough to be carried about in tJie pockety and of such a companien 
it would be difficult to weary J'^ — Pall Mall Gazette. 
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